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APPARATUS INaUDINGAWELLBOREANDWELLBORECASING 
Backcrrniinri 

T7.1sinven,lo.rela,es8enerallytoiwa«„„fc,cludl,« aweUbomand 
cas^s, and in panicuW .o weBbo., ea*,,, U«, a., ^ ^^.^^ 

Convendonaliy, when a wellborn Is crealed. a number of casings a« 
.nst*d,nmebo.b*,„p^„„^^^^^^^^ 

undas^ou«lowofdn«l^n^,^,^^,,^^„„^^^^^^^ 
fonna.on i„.o «,e borehole. The bo«hole is dUed In Intervals wherebya 
casin, >vh,cb is .o be InsMed In a lower borehole Inlerval Is lowe«. d«,^h a 
p.«*».ly,ns,a.Mcasln,o,an„ppe,bo,ehotei„,e,val As a conseq JTof 

BUS piocedui. ^ casing of «« lowerl«e,.a.iso,smalterdlan,e,er 0»n d« 
o, «,e upper i„,en,a|. ^ ^ ^ ^ 

casing d,an,e.e,s decreasing t, do™»^ dliecta. Cemen, ^ ^ 

P^dedbe^veenU,eo„,ersurfacesof*ecas^,sand*ebo.eholewall» 
sea.d«cas,ngs,pn,tt,ebo,eholewaa Asaconseq«™:eofWs„ested 

of «,ewe^re. Such a ,a„e borehole dlan«.er Invokes increased cosu ^ 

dn.,^ n-id a.^ dH. Clings. Moreover, leased d,*, dg *ne Is Invoked 
due .„ re^u^ cemen, p™p,„,, ^ ^ 

changesd„e,ola,gevarta«onsl„holedlame.e.sdHl.edh»«cou,seo,a» 
well, and ihe laige vohme of aiWngs drilled and i«noved 

'*'"««"'"»'™«onlsdtected,„ove,coml„jon.orn»„of«« 

lunjtauons of the existing 
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procedures for forming new sections of casing in a 
wellbore. 

Summary of the Invention 

According to one aspect of the present invention, 
there is provided an apparatus comprising: a wellbore; 
a first wellbore casing coupled to the wellbore; a 
second wellbore casing coupled to the wellbore and 
overlapping with the first wellbore casing; and a tie- 
back liner coupled to the first and second wellbore 
casings and overlapping with the first and second 
wellbore casings; wherein the tie-back liner is coupled 
to the first and second wellbore casings by the process 
of: extruding at least a portion of the tie-back liner 
15 of f of a mandrel . 

According to another aspect of the present 
invention, there is provided an apparatus comprising: a 
wellbore; a first wellbore casing coupled to the 
wellbore; a second wellbore casing coupled to the 
wellbore and overlapping with the first wellbore 
casing; and a tie-back liner coupled to the first and 
second wellbore casings and overlapping with the first 
and second wellbore casings; wherein the tie-back liner 
is coupled to the first and second wellbore casings by 
the process of: radially expanding at least a portion 
of the tie-back liner within the wellbore. 

Brief Descript ion o£ tha Drawings 

Pig. 1 is a fragmentary cross-sectional view 
illustrating the drilling of a new section of a well 
borehole. 

Fig. 2 is a fragmentary cross -sectional view 
illustrating the placement of an embodiment of an 
apparatus for creating a casing within the new section 
35 of the well borehole. 
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FIG. 3 is a fragmentary cross-sectional view ilhistiaUng the injecUon of a 
first quantity of a ha«lenable fluidic sealing materia] into the new section of the 
well Ijorehole. 

FIG. 3a Is another fragmentary cross-sectionaJ view iUustratIng the 
Injection of a first quantity of a hardenable fluidic sealing material Into the new 
section of the well borehole. 

FIG. 4 is a fragmentaor cross-sectional viewlUustrating the injection of a 

second quantity ofahaKlenable fluidic sealing material into the new section of 
the well borehole. 

FIG. 5 is a fragmentaty cross-sectional view illustrating the drilling out of 

aportion Of the cured hardenable fluidic sealing material from ti^enewsection 
Of iheweD borehole. 

"G-Skacross-sectionalviewofanembodlmentoftheoveriapping 
joint between adjacent tubular members. 

"G- ^^^'^"'entarycross-sectionalviewof theapparatusforcreating 
a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional Illustration of a preferred embodiment of an 
apparatus for fomiing a casing including a driUable mandrel and shoe. 

FIG.9ais anotiier cioss-sectional iflustiation of the apparatus of HG 9 

m. 9b Is anotiier cross-sectional illustration of the apparatus of FIG 9 

FICgcisanothercross-sectionalillustrationoftheappaiatusofnG 9 



• « • • • « « 

FIG. 10a is a cross-sectional iMustraUon of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-secUonal illustraUon of an apparatus and method for 
creating a Ue-back liner using an expandible tubular member. 
5 FIG. 10c Is a cross-secUonal illustration of the pumping of a fluidic seaUng 

material into the annular region between the tubular member and the existing 
casing. 

FIG. 1 Od is a cross-sectional lUustration of the pressurizing of the interior of 
the tubular member below the mandrel. 
10 FIG. lOe is a cross-secUonal illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. lOfis a cross-sectional fliustration of the tie-back liner before drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member. 

RG. 11a Is a fragmentajy cross-sectional view illustiating Uie driUing of a 
new section of a well borehole. 

FIG. 1 1 b is a fragmentary cross-sectional view iUustrating the placement of 
an embodiment of an apparatus for hanging a tubular UnerwiOiin Uie new section 
20 of the well borehole. 

FIG. 1 1 c is a fragmentaiy cross-sectional view Illustrating Uie injection of a 
first quantity of a hardenable fluldic sealing material into tiie new section of tiie 
well borehole. 

FIG. n d is a fragmentaiy cross-sectional view illustrating the Introduction 
25 ofa wiper dart into the new section of the weU borehole. 

FIG. lie Is a fragmentary cross-sectional view illustrating tfie injection of a 

second quantityofahardenable fluldic sealing nwterial into tiie newsectionofthe 
well borehole. 

FIG. 1 1 f is a fragmentary cross-sectional view iBustrating Oie completion of 
30 the tubular liner. 
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Detailed Description of tlie Illustrative Embodiments 
An apparatus and method for fonntung a wellbore casing within a 
subterranean fomiaUon is provided. The apparatus and methpd pemiits a 
wellbore casing to be formed in a subterranean formaUon by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubularmemberoffof the mandrel bypressurizlngan Interiorportionof the tubular 
member. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overiapping joint that prevents fluid and or 
gas passage. The apparatus and method further permits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. The apparatus and 
method further minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for fomu'ng a tie-back liner usii^ an expandable 
15 tubular member Is also provided. The apparatus and method pernilu a Ue-back 
liner to be created by extmding a tubularmember off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a Ue-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overiapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further pemilts a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
ttiat Includes an expandable tubular member, mandrel and a shoe. In a prefened 
25 embodiment, the interior portions of the apparatus is composed of materials that 
pennit the interior portions to be removed using a conventional driUing apparatus. 
In this manner, in Uie event of a malfunction in a downhole region. Uie apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and metiiod lurther have 
appBcation to the joiriing of tubular members in general 
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^ ReferriBginitially to Figs. 1-5. an emboiiiiaentof an a^ipara^s akd method 

for formmg a weUbore casing within 'a subterranean formation will now be 
described. As illustrated in Pig. 1. a wellbore 100 is positioned in a subterranean 
formation 105. The weUbore 100 includes an exisiing cased section 110 havinga 
5 tubular casing 115 and an annular outer layer of bement 120. 

In order to extend the weUbore 100 into the subterranean formation 105 
a dnll string 125 is used in a well known manner to driU out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a weUbore casing in 
10 «^bterraneanformationisthenpo8itionedinthenewsectionl30oftheweUbore 
100. Theapparatus200preferablyinclude8anexpandablemandrelorpig205 a 
tubular member 210. a shoe 215. a lower cup seal 220. an upper cup seal 226'a 

fluidpassage230.afluidpassage235.afluidpassage240.seals246.andasupport 



member 250. 

15 



The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 206 is pr^ei^fe. adapted to controUably 
expand in a radial direction. The expandable mandrel 206 may comprise any 

numberofconventionalcommerdaUyavaUableexpandablemandrelsmodifiedin " 
accordance with the teachings of the present disclosure. In a preferred 

20embodiment.a.eexpandablemandrel205comprise3ahydraulicexpansiontoolas 
d^dosed in U.S. Patent No. 5.348.095. a.e contente of which are incorporated 
herein by reference, modifxed in accorxlance with the teachings of the present 
disclosure. 

'^^•'"^^«°»ber210issupportedbytheexpandablemand,Bl205.n>e 
25 tubular member 210 is expanded in the radial direddon and extruded offof the 

«pandablemandrel205. The tubular member 210 may be fabricated from any 
number of conventional commerdaUy avaUable materials such as. for example 
Oimeld Country Tubular Goods (0CTGU3 chromium Steel tubing^cas^ or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

30 ^ricatedfi^mOCTGinordertomaximizestrengthafterexpansion. Theinner 
and outer diameters of the tubular member 2 1 0 may range, for example, from 
approximately 1.905 to 119.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms 
(1.05 to 48 inches), respectively. Li a preferred 



embodiment, the inner and outer diameters of Uie tubular member 210 range fiom 
about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches) 
respectively in order to optimally pmvide minimal telescoping effect in the most " 
commonly driUed wellboie sizes. The tubular member 2 1 0 preferably comprises a 
solid member. 

In a prefened embodiment, the end portion 260 of the tubular member 210 is 
slotted, perforated, or olhel^vise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred embodimenl 
the length of the tubular member 2 1 0 is limited to minimize the possibility of buckHn^ 

For typical tubular member210materials. the length of the tubular member210ls 
preferably BnUted to between about 12.192 to 6.096m (40 to 20.000 feet) in length. 

TTie shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. Hie shoe 215 includes fluid passage 240. Hie shoe 215 may 
comprise any number of conventional commercially available shoes such as 
for example. Super Seal II float shoe. Super Seal II Down-Jet float shoe or a ' 
guide shoe with a sealing sleeve for a latch down plug modified In accordance 
withtheteachingsofthepiesentdisclosure. In a preferred embodiment, the 
shoe 215 comprises an aluminum down-jet guide shoe with a sealing sleeve for 
a latch-down plug available from HalUburton Eneigy Sendees in Dallas. 1^ 
modified in accordance with the teachings of the present disclosure, in onJer to 
opumally guide the tubular member 210 In the wellbore. opUmally provide an 
adequate seal between the Interior and exterior diameters of the overlapping 
iolnl between the tubular members, and to optimally allow the complete drill 
out of the shoe and plug after the completion of the cementing and expansion 
operations. 

Inapreferred embodiment, the shoe 215 includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 240. In 
this manner, the shoe 215 optimally injects hardenable fluidic sealing material 
into the region outside the shoe 215 and tubular member 210. In a preferred 
embodiment, the shoe 215 inchides the fluid passage 240 having an inlet 
geometry thai can leceh^e a dart and/or a ball sealing member. In this manner. 
tf»e fluid passage 240 can be optimally sealed off by Introducing a plug, dart 
and/or ball sealii^ elements irito the fluid passage 230. 
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250. Thelowercupsed220preventsforeignmateria].fromenteringtheinterior 
region of the tubular member 210 adjacent to the expandable mandrel 205 The 
lower cup seal 220 may comprise any number of conventional commerdaUy 
5 av^able cup seals such as. for example. TP cups, or Selective Ityection Packer 
CSIP)cupsmodifiedinac«>rdancewiththeteachingBofthepresentdisclosure In 
apz«fen^embodiment.thelowercupseal220comprisesaSIPcup8eaI.available 

fh,mfiamburtonEnergySenicesinDallas.TXinordertooptimaUyblockfo«^ 
material and contain a body of lubricant. 

o«o J^"''''"'^"^'''^~"P'^**'«^^«"PP°rtedbythesupportmember 
250.Theuppercupseal225preventaforeignmaterialafromenteringtheinterior 
reg,onoftheha,ularmember210. The upper cup seal 225 may comprise any 

numberofconventionalcommerdallyavailablecupsealssuchas.forerample TP 
cups or SIP cups modified in ac^rdance with the teachings of the present 

16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup a^feWHalliburtonEnergyServicesinDallas.IXinor^^ 
block the entry of foreign materials and contain a body of lubricant 

tromJ^^"^' "'^'^ ^"'^'^ ^ to and 

20 205. Tte fluid passage 230 is coupled to and positioned within die support 
^250andtheexpandablemandrel205. ^e fluid passage 230 pref^ly 

-nd«1205. Tl.fl«idpassage230isprefeiablypositionedalongacenterlineof 
the apparatus 200. ^uaevi 

25 

^•materials such « driUing nmd or foni^on flui^ 

fr^ ^ut 0 to ,1356^55 Utr^s^ (o 1o 3.000 ^ns^^, ^ « .o 620.2«,3 ba. (0 
^ 9.000 psO « order to ouninuzc dn^ oa 4c tubular^emberb^ 
^ exerted on d« ^|«.,,e Which could cause a loss of weUbo^ 

30 

^a»">>^M5permi.sflm&m.terialstol»«lea«dftomtl«aaid 
Pa^m toa*n„u>n„,duri.«ptooeMeat»fU„.pp.„^200wiadnthe 

« 



s^on 130 o, the weU.„. l„0, a^^ Wt^ialsVsVonii ij/u., fluid 

235 .s coMed .„ „d p.sl«o„«l „iu^ ehe support .ember 250. 
6 pa^ « (urther fluididy coupW to the fluid 230 

opon^..ddesu^thefluidpa«^235.:uep^.^,„^..,„„^ 

10 of the apparatus 200. "wvwuerime 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litresAninute (0 to 3 000 
gallonsAninute) and 0 to 620.52813 bar (0 to 9.000 psi) in order to reduce the drag on the 
appamtus 200 during insertion into the new section 130 of the wellbo« 100 and to 
15 nununize surge pressures on the new wellbore section 130. 

™e fluid pe^e^ .40 pe^i., fluidic u^teriais to be ta„^ ee «d 
ftt,u.tbe«8».extoricr to the tul-uier member 2.0 end shoe 216 lie fluid 
_ parage 240 is coupled to aud posi«„„ed „itti„ tbe ^^"^ 

n^-Z^r '^-^•^ 20a can be 

25 *°°'*"°«'°'"^"''<>a»'u''»tomember210, TUspennit. 

25 lhcmtenorregioBofthelubularmeiub.r21o>,»T„ . "Mpetimts 

lob.,r«auri«d Ike fluid , '""'^°""»"P»"<'*tam«>dral205 

along the centMlmeofthc apparatus 200 ■ 

c»« «r " " « 

30 1 1 56 J355 (0 „ 3,000 g^,.^ „ (0 to 9 000 

=--»:^rr.:o:r'r'"^"'°°"'"'™''---'-^^^^^ 



^ indudes an inlet geometiy that can receive a'dak and/or a'ball i^Llkg member. 
In this maimer, the fluid passage 240 caA be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are further positioned on an outer surface 266 
of the end portion 260 of the tubular member 210. The seals 245 pennit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commerdaUy available seals such as. for example. 
10 lead, nibbcr. Teflon™, or epoxy seals modified in accordance with the teachings of 

the presentdiscIosure.Inapreferred embodiment, theseals 245 are molded ftom 

Sbatalockepoxyavailable from HalliburtonEnergy Services inDallas,TXin order 
to optimaUy provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 arc selected to optimally provide 

a sufficient fiictional force to support the expanded tubular member 210 from the 
existing casing 115. In a preferred embodiment, the frictional fort» optimally 
provided by the seals 245 ranges ftom about 68.94757 to 68.947.57 bar (1.000 to 
1.000.000 IbQ in order to optimally support the expanded tubular member 210. 

20 The«"PP<»rtmember250iscoupledtotheexpandablemandrel205,tubular 
member 210. shoe 215. and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
embodiment, the support member 250 finther includes one or more conventional 
26 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubularmember210. In this manner, the extrusion ofthe tubular member 210 off 
ofthee^dable mandrel 205 is facmtated. The lubricant 275 may comprise any 
30 number of conventional commercially available lubricants such as, for example, 
Lubiiplate™, chlorine based lubricants, oil based lubricMits or Climax 1500 Antisiezc 
(3100). In a preferred embodiment, the lubricant 275 comprises Oimax 1500 
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^ Antisieze (3100) availablefrom ClimaxLubriciitsandEiiuipJnent Co. ^Houston. 
TX in order to optimally provide optimmn lubrication to fadUate the expansion' 
^ process. 

In apreferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to assembly to the remainingportionsofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This' 

minimizes thepossibilityofforeignmaterialdoggingthevariousflowpassages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100. a couple of weUbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 

apparatus200 and to ensure that no foreignnmterialinterferes with the expansion 

process. 

15 AsillustratedinFig.3.thefluidpas8age235isthendosedandahardenahle 
fluidic seahng material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 

- i°teriorregion310ofthetubularmember210belowtheexpandablemandi«1205. 

The material 305 then passes from the mterior region 310 into the fluid passage 
20 240. The material 305 then exits the apparatus 200 and fills the annular region 
316 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pmnping of the material 305 
causes the material 305 to fill up at least a portion of the annular regioh 316. 
The material 305 is preferably pumped into the amiular region 315 at pressures 
26 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 

to 5,678.1 177 litres/miautc (0 to 1.500 gallonsAnin), respectively The optimum flow 
. rate and operating pressures vary as a function of the casing and wellbore sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
being pumped. Ihe optimum flow rate and operating pressure are preferably determined 
using coDventional.empirical methods. 

The hardenable fluidic sealing matedal 305 may comjOTse any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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( for example, slag mix. cemen, or epoxy. 'in a prefened'embodimen, .he 

hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 

ServiceslnDalIas.TXinordertoprovideoptimalsupportfortubularmember2lO 

whilealsomalntainingoptimumflowcharacteristicssoas tomlnimizedifficuIUes 

dunngthedisplacementofcementlntheannuIar,egion315.Theoptimumblend 
of the blended cement is pieferably detemuned using conventional empirical 
methods. 

THe annular region 315 preferably is filled with the material 305 In sufficient 
quanutiestoensurethat.uponradlalexpansionofthetubularmember210 the 
annular region315of the new section I30of the wellbore 100 will be filled with 
material 305. 

In a particularly prefened embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally pem^it placement of the 
apparatus 200 in positions in the weDbore with tight clearances. Furthem^ore in 
this manner, the initiaUon of the radial expamion of the tubular member 210 
dunng the extnision process is optimally facilitated. 

As illustrated in Fig. 4. once the annular region 315 has been adequately 
20 filled With material 305. a plug 405. or other similar device. Is introduced into the 

fluidpassage240therebynuididyisolating.heinteriorregion3I0fromtheannular 
region 315. In a preferred embodiment, a non-hardenable fluidic material 306 is 

thenpumped Into the InteriorreglonSlOcausingthelnteriorreglontopressurize 
In this mam,er. the interiorof the expanded tubularmember 210 will not contain 
25 s.gnificantamou„,sofcuredmaterial305. This reduces and simplifies the cost of 
the enure process. Altemathrely. the material 305 may be used during this phase 
of the process. 

Once the interior region 310 becomes suflicienUy pressurized, the tubular 
'nember210isextmdedoffoftheexpandablemandrel205. During the extmsion 
30 P'^ess.theexpandablemandrel205maybe,aisedoutoftheexpandedportion 
of the tubular member 210. In a preferred embodiment, during the extmsion 
process, the mandrel 205 is raised at approximately the same rate as the tubular 



12 



the botton. Ota. new „eiu.„« ^tio„ 130, keeping the 2OB «a«on.^ 

5 and .n^ the tubuier .e.her 210 .0 e«n.de offof the 205 and^' 

down the new wellbore section 130 under the foree of s^Til, 

'^'''**'«">'-ft"%P'acedin«,thea„idp««ge240byint«Kiucing 
the plug 4^ into the fluid peeeage 230 at a eurf.ee location in a con^tior 

n^nner. Pl". «5 p«fe™b„ ects to fluidid, ieolate the hartenabla fluidic 
10 «»Mt™t.rial 306 from the nonbarteneblefluldicnaterial 308 

The plug 406 may eompriee any number of con^ntional cenmierdally 
.v«lablede«eeto,n.p,i^.„^,^^^^_^^___^ 

Cen^n^ OTO tatchKiown plug, (Wga iatch-down p,„g „ au^^ ^.^ 

''°™P'«e-««*dtaaocordaneewiththe.eachingeofthepre.entdi«Joame. In 

16.pref^«nbodin.en,ttep.„g405compriae.aMSChW^wnplug.™iMe 
from Hailihirton Energy Services in Dallas. TX. 

'^"^"'f«'-P'>^^»5inthefluidp„e.ge240.an„nh.rd«uU«e 

Ihad.cmaten.l3061.p,eferablypun.pedin.otheinteriorregion310atp«s.ures 

and flow rates raneina for -«va,r,«i a. pressures 

In a prefer «nhotoent, the apparatus 200 i. adapted to nunimize 
t™-!., b«r«. and flictlon effecu a, ^ ^ ^ 

-'P^pr^^ "ill be depend upon the geometiyofU, 

•^"'-"WJOe.thema.erialcomp^itionofthetubul.rmen.berZlOand 
«,>^nB.a»ta,206. Uie inner diameterof the tubularm^^^ 

th^rfth.tubularnien.her2,0.the.ypeoflubric.nt,andtheyieMstrength 
_=fa«t«hularmen,ber210.Inge„er.l,thethicl«rthewaUthiclmess.thesn,aIIer 



^ a^einnerdiameter.andthegreatertheyield^ii^oflhe'iubuli 

then the greater the operating pressures 'requiml to extrude the tubular member 
210 oflFof the mandrel 205. 

For typical tubular members 210. the extrusion of the tubular member 210 
5 off of the expandable mandrel will begin when the pressure of the interior region 
3 10 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9.000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of tie expanded portion of the tubular member 210 at mtes ranging for 

ezample.WaboutOto6ft/sec.Inapreferr«dembodiment,duringtheextrulion 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also pennitting easy control 
of the expaiision process. 

When the end portion 260 of the tubular member 210 is extruded off of the " 
15 expandable mandrel 206. the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 

portion270of thecasmgil5 to form anfluidtightoverlappingjoint. The contact 
pressure of die overlapping joint may range, for cxaniplc. from approximately 3.447379 to 
1.278.9514 bar (50 to 20.000 psi). In a prefcned embodiment, the contact p«ssu,^ of the 
20 overlapping joint nmges from approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in 
order to provide optimum pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 

•Theoveriappingjointbetweenthe8ection410oftheexi8tingcasingll5and 
^J«««*ion265ofthee,pandedtubularmember210preferablyprovidesagaseo^^ 
25 ««dfluidic8eal.Inaparticularlypreferredembodiment.the8ealingmembe^^ 
optimally provide a fluidic and gaseoua seal in the overlapping joint. 

Iiiapreferredembodiment,theoperatingpressureandflowrateofthenon 

hardeaablefluidlcmateriaiaoeiscontrollablyramped down when theexpandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubularmember210offoftheexpandablemandrel205canbeminmmed Ina 



^ preferred embodiment, the operating pressure is reduced in a substantiaUy linear 
fashion from 100% to about 10% during tke end of the extrusion process beginning 
^ when the mandrel 205 is within about 1 .524 m ( 5 feet) from completion of the extnision 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of press\ire. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapphag joint between the upper portion 260 of 
the tubular member 210 and the lower portion 2 70 of the casing 1 1 5 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 
20 2 10 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to dilll out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 610 includes the expanded tubular member 210 and an outer 
30 a n n u la r layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
_ shoe 215 and dart 405 using conventional drilling methods. 

15 
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Checubu.armecnber210includesoneormoresea«ngn.en.be.605ando„eor 
more pressure relief ho,es6,0.,„ ^3 .anneuhe overlapping i^^^^^ 

lowerpor..on 270 of .he caslr^nsand the upper portion 260 Of the tubular 
member 21 0 Is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extn^sion process 
In a preferred embodiment, the sealing memben; 605 are'seated within 
recesses 615 fomied In the outer surface 265 of the upper portion 260 of the 
tubularmember210. In an alternative preferred embodiment, the sealing 
member 605 are bonded or molded onto the outer surface 265 of the upper 
portion 260 of the tubular member 210. The pressure relief holes 610 are 
preferably positioned In the last few feet of the tubular member 2 1 0 The 
Piessure reUef holes reduce the operating pressures required to expand the 
upper portion 260 of the tubular member 210. TOs reducUon in required 
operatlry pressure In turn reduces the velocity of the mandrel 205 upon the 

completion of theextnision process. This reduction in velocity in turn minimizes 
the mechanical shock to the entire apparatus 200 upon the completion of the 
extrusion process. 

Referring now to Fig. 7. apparatus 700 for forming a casing within a 
wellboie preferably includes an expandable mandrel or pig 705. an expandable 
mandrel or pig container 710. a tubular member 71 5. a float shoe 720, a lower 
cup seal 725. an upper cup seal 730. a fluid passage 735. a fluid passage 740 a 
support member 745. a body of lubricant 750, an overshot connection 755. ' 
another support member 760, and a stabilizer 765. 

•me expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to ti,e expandable 
mandrel container 7 1 0. n^e expandable mandrel 705 is preferably adapted to 
conlroDably expand In a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure 
the expandable mandrel 705 preferably comprises a hydrauHc expansion tool 
substantially as disclosed in U.S. Pat No. 5,348.095. the contents of 



which are incoiporated herein tiy reference, inijdified irt accordance with the 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
to the expandable mandrel 705. Tlie expandable mandrel container 710 maybe 
constnicted from any number of convenUonal commercially available materials 
such as. for example. Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. The expandable mandrel container 710 may be preferably 
fabricated from material having a greater strength than the material from which 
the tubular member 715 is fabricated. In this manner, the container 710 can be 
fabricated from a tubular material having a thinner wall thickness than the 
tubular member 2 1 0. This permits the container 71 0 to pass through t^ht 
clearances thereby facilitating its placement within ttie wellbore. 

Once Uie expansion process begins, and Oie Uiicker. lower strengtii 
material of the tubular member 715 Is expanded, Uie outside diameter of die 
tubular member 71 5 is greater Uian the outside diameter of ttie container 710. 

The tubular member 715 Is coupled to and supported by ttie expandable 
mandrel 705. The tubular member 715 Is preferably expanded In ttie radial 
direction and extnided off of Uie expandable mandrel 705 substantially as 
described above with reference to Figs. 1 -6. The hibular member 71 5 may be 
fabricated from any number of materials such as. for example. Oilfield CbunHy 
Tubular Goods (OCTG), automotive grade steel or plastics. Ihe tubular member 
715 may be fabricated from OCTG. 

The tubular member 715 preferably has a substantially annular cross- 
section. More preferably, ttie tubular member 715 has a substantially circular 
annular cross-section. 

The tubular member 715 preferably includes an upper section 805. an 
intemiediate section 810, and a lower section 815. The upper section 805 of ttie 
tubular member 715 preferably Is defined by ttie teglon beginning in ttie vicinity 
of ttie mandrel container 71 0 and ending vkdtti ttie lop section 820 of ttie tubular 
member 715. The Inlemiediate section 810 of ttie tubular member 715 is 
preferably 

defined by ttie region beginning in ttie vicinity of ttie top of ttie mandrel container 
710 and ending witti ttie region in ttie vicinity of ttie mandrel 705. The lower 



region beginning In the vicinity otiKe 'maM-io5 ending at the bottom 825 
of the tubular member 715. 

The wall thlclmess of the upper secdon 805 of the tubular member 715 
may be greater than the wall thicknesses of the intemiediate and lower sections 
810 and 815 of the tubular member 715 in order to optimally faciliate the InitiaHon 
of the extnjsion process and optimally permit the apparatus 700 to be positioned 
in locations in tiie weUbore having tight clearances. 

The outer diameter and wall tiiickness of the upper section 805 of the 
tubular member 715 may range, for example, from about 2.667 to 121.92 cms 
(1.05 to 48 inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), respectively. TTie 
outer diameter and wall tiiickness of tiie upper section 805 of tiie tubular 
member 715 may range from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 
to 3.8 1 cms (3/8 to 1 .5 inches), respectively. 

The outer diameter and wall tiiickness of ttie intermediate section 810 of 
Uie tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 
to 50 inches) and 0.15875 to 3.81 cms (1/16 to I.S Inches), respectively. The outer 
diameter and wall tiiickness of tiie intemiedlate section 810 of the tubular 
member 715 may range from about 8.89 to 48.26 cms (3.5 to 19 Inches) and 
0.31 75 to 3. 1 75 cms (1/8 to 1 .25 inches), respectively. 

The outer diameter and wall tiiickness of tiie lower section 81 5 of the 
tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 
50 inches) and 0.15875 to 3.1 75 cms (1/16 to 1.25 inches), respectively. Hie outer 
diameter and wall tiuckness of Uie lower section 810 of Uie tubular member 715 
may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3. 1 75 
cms (1/8 to 1.25 inches), respectively. TTie wall thickness of ttie tovyer section 
815 of Uie tubular member 715 may be fiirtherlncreased to Increase the strengU, 
of ttie shoe 720 when drillable materials suchas. for example, aluminum are 



used. 



nie hibular member 71 5 preferably comprises a soDd tubular member. 
The end portion 820 of the tubular member 7 15 may be slotted, perforated, or 
ottieiwise modified to catch or slow down tiie mandrel 705 when it completes 
ttie exbusion of tubular member 7 1 5. The length of the tubular member 7 1 5 may 
be limited to minimize ttie possibility of buckling. For typical tubular member 



715 materials, the length of the tabular member 715 may be preferably limited to 
between about 1 2. 1 92 to 6,096 m (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. Hie shoe 720 may 
further include an inlet passage 830, and one or more jet ports 835. Preferably, 
the cross-sectional shape of the inJet passage 830 is adapted to receive a latch- 
down dart, or other similar elements, for blocking the inlet passage 830. The 
interior of the shoe 720 preferably includes a body of solid material 840 for 
Increasing the strength of the shoe 720. The body of solid material 840 
preferably comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example. Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified In accordance with the 
teachings of the present disclosure. The shoe 720 may comprise an aluminum 
down-jet guide shoe with a sealing sleeve for a latch-down plug available from 
Halliburton Energy Services In Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 715 in the weUbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to opUmally faciliate the removal of the 
shoe 720 by drilling it out after completion of the extmsion process. 

The lower cup seal 725 is coupled to and supported by the support 
member 745. The lower cup seal 725 prevents foreign materials from entering 
the Interior region of the tabular member 715 above the expandable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
commercially available cup seals such as, for example, TP cups or Selective 
Injection Packer (SIP) cups modified in accordance with the teachings of the 
present disclosure. The lower cup seal 725 may comprise a SIP cup, available 
from Halliburton Eneisy Sendees In DaUas, TX in order to optimally provide a 
debris banier and hold a body of lubricant 

The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materials from entering 
the interior region of the tubular member 71 5. The upper cup seal 730 may 
comprise any number of conventional commercially available ciflj seals such as, 
for example, TP cups or Selective Injection Packer (SIP) cup modified in 



accordance with the teachings of ihe'present cnscIostire/The upper cup seal 730 
may comprise a SIP cup available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 

The fluid passage 735 permits fluidic materials to be treinsported to and 
from the interior region of the tubular member 7 1 5 below the expandable 
mandrel 705. The fluid passage 735 is fluidicly coupled to the fluid passage 740. 
The fluid passage 735 is preferably coupled to and positioned v^'thin the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705, The fluid passage 735 preferably extends from a 
position adjacent to the surface to the Ijottom of the expandable mandrel 705. 
The fluid passage 735 Is preferably positioned along a centerline of the apparatus 
700. The fluid passage 735 is preferably selected to transport materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging fiDm about 
151.4164 to 1 1356.2355 litres/minute (40 to 3.000 gallons/minute) and 34.473 to 
620.52813 bar (500 to 9,000 psi) in order to provide sufficient operating pressures 
to extrude the tubular member 71 5 off^ of the expandable mahdr^l 705, 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a weUbore, fluidic materials forx:ed up the 
fluid passage 735 can be released into the wellbore above the tubular member 
715. The apparatus 700 further includes a pressure release passage that is 
coupled to and positioned within the support member 260. The pi^sure release 
passage is further fluidicly coupled to the fluid passage 735. The pressure release 
passage preferably includes a control vah^e for controllably opening and closing 
the fluid passage. The control vah^e may be pressure acth^ated in order to 
controllably minimize surge pressures. The pressure release passage is 
preferably positioned substantially orthogonal to the centeriine of the apparatus 
700. The pressure release passage Is preferably selected to convey materials 
such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1892,7059 litres/minute (0 to 500 gallons/minute) and 0 to 68.94757 bar 
(0 to 1 ,000 psi) in order to reduce the drag on the apparatus 700 durir^ insertion 
into a new section of a wellbore and to minimize surge pressures on the new 
wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 71 5. The fluid passage 740 Is 



preferably coupled to and pcslUoned within thfe'sliod Vio 'in fluidic 
communication wilii the interior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferably has a cioss-secUonal 
shape that pemiits a plug, or other similar device, to be placed in the inlet 830 of 
the fluid passage 740 to thereby block further passage of fluidic aiaterials. In this 
manner, the interior region of the tubular member 715 below the expandable 
mandrel 705 can be opUmally fluldicly isolated from the region exterior to the 
tubular member 715. TWs pemiits the interior region of the tubular member 715 
below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 Is preferably positioned substantially along the 
centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3.000 
gallons/minute) and 0 to 620.528 13 bar (0 to 9.000 psl) In order to optimaDy fill an 
annular region between the tubular member 715 and a new section of a wellbore 
with fluidic materials. The fluid passage 740 may include an inlet passage 830 
havuig a geometry that can receive a dart and/or a ball sealing member. In this 
manner, the fluid passage 240 can be sealed off by intreducing aplug. dart and/or 
. ball sealing elements into the fluid passage 230. 

TTie apparatus 700 may further include one or more seals 845 coupled to 
and supported by the end portion 820 of the tubular member 715. The seals 845 
are further positioned on an outer surface of the end portion 820 of the tubular 
member 715. The seals 845 pemut the overiapping joint between an end portion 
of preexisting casing and the end portion 820 of the tubular member 715 to be 
fluidiclyiealed. The seals 845 may comprise any number of comrfentional 
commercially available seals such as. for example. lead, rubber. Teflon™ or 
epoxy seals modified in accordance with the teachings of the present disdosure 
The seals 845 comprise seals molded from StrataLock epoxy available from 

Halliburton Energy Services in Dallas.TOtaorder to optimally provideaMr^^^^ 



seal and a load bearing interference lit in the dveriapping joint between the 
tubular member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

The seals 845 may be selected to provide a sufficient frictional force to 
support the expanded tubular member 71 5 from the existing casing. The 
fricUonal force provided by the seals 845 preferably ranges from about 68.94757 
to 68.947.57 bar (1,000 to 1 ,000.000 IbO In Older to optimally support the 
expanded tubular member 715. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connecUon 755. The support member 745 preferably 
comprises an annular member having suflicient strength to cany the apparatus 
700 into a new secUon of a weUbore. The support member 745 may comprise 
any number of convenUonal commerciaUy available support members such as. 
for example, steel drill pipe, coiled tubing or other high strength tubular modlfiwl 
in accordance with the teachings of the present disclosure. The support member 
745 may comprise conventional drill p^e available from various steel mills in Oie 
United States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 710 within the interior of the tubular member 715. 
In this manner, the extnision of the tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as. for example. Lubriplate. 
chlorine based lubricants, oil based lubricants, or Climax 1500 Antlsleze (3100). 
The lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available 
from Halliburton Energy Services In Houstort. TX in order to optimally provide 
lubrication to faciliate the extrusion pn)cess.' 

The overshot connection 755 Is coupled to the support member 745 and 
Uie support member 760. The overshot connection 755 preferably pemilts the 

supportmember745toberemovablycoupledtothesupportmember760. The 
overshot connection 755 may comprise any number of convenUonal 
commercially available 
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overshot connections such as, for example, Innerslring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Selling Tool Stinger. The 
overshot connection 755 may comprise a Innerstring Adapter with an Upper 
Guide available from Halliburton Energy Sendees in Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
preferably comprises an annular member having sufTicient strength to cany the 
apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubing or other high strength tubulars 
modified in accordance with the teachings of the present disclosure. The 
support member 760 preferably comprises a conventionai drill pipe available 
from steel mills in the United States. 

The stabilizerJ65 is preferably coupled to the support member 760, The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubulcur member 7 1 5 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of conventional commercially available stabilizers such as, for example, 
EZ Drill Star Guides, packer shoes or drag blocks modified in accordance with 
the teachings of the present disclosure. The stabilizer 765 preferably comprises a 
sealing adapter upper guide available from Halliburton Energy Sendees in Dallas, 
TX. 

The support members 745 and 760 may be thoroughly cleaned prior to 
assembly to the remaining portions of the apparatus 700. In this manner, the 
introduction of foreign material into the apparatus 700 is minimized. This 
minimizes the possibiUty of foreign material clogging the various flow passages 
and valves of the apparatus 700. 

Before or after positioning the apparatus 700 within a new section of a 
wellbore, a couple of wellt>ore volumes are circulated 



through the various flow passages of the apparatus 700 in order to ensure that no 
foreign nnaterials are located within the wellbore that might clog up the various 
flow passages and vabes of the apparatus 700 and to ensure that no foreign 
material Interferes vAth the expansion mandrel 705 during the expansion 
process. 

The apparatus 700 may be operated substantially as descrit>ed above with 
reference to Rgs. 1-7 to form a new section of casing within a wellbore. 

As Olustrated in Fig. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellborn casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodirhent, an outer annular lining of cement is not provided In the 
repaired section. In the alternative preferred embodiment, any number of fluidic 
materials can be used to e)q>and the tubular liner 8 1 0 into inUmate contact with 
the damaged section of the wellbore casing such as, for example, cement, 
epoxy, slag mfac, or drilling mud. In the alternative prefenred embodiment, 
sealing members 81 5 are preferably provided at both ends of the tubular member 
in order to optimally provide a fluidic seal. In an altemalhre preferred 
embodiment, the tubular liner 810 is formed within a horizontally positioned 
pipeline section, such as those used to transport hydrocarbons or water, with the 
tubular Kner 810 placed in an overiapping relationship with the adjacent pipeline 
section. In this manner, underground pipelines can be repaired without having 
to dig out and replace the damaged sections. 

In another altemalwe preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided 
between the tubular liner 810 and the wellbore. In the altemadve preferred 
embodiment, any number of fluidic materials can be used to expand the tubular 
liner 810 Into Intimate contact with the weDbore such as, for example, cement, 
epoxy, slag mbc, or drilling mud. 

Refening now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 



apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904. an expandible mandiel or pig 906. and a 
shoe 908. In a prefened embodiment, the design and constmction of the 
mandrel 906 and shoe 908 permits easy removal of thpse elements by drilling 
them out. In this manner, the assembly 900 can be easily removed from a 
wellbore using a conventional drilling apparatus and conesponding drilling 
methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an intennediate portion 912 and a lower portion 914. During operation of 
the apparatus 900. Uie tubular member 902 is preferably extruded off of Uie 
mandrel 906 by pressurizing an interior region 966 of the tubular member 902. 
The tubular member 902 preferably has a substantially annular cross-section. 

In a particubriy prefenred embodiment, an expandable tubular member 
9 1 5 is coupled to the upper portion 91 0 of ttie expandable tubular member 902. 
During operation of the apparatus 900, the tubular member 915 Is preferably 
extnided off of the mandrel 906 by pressurizing the Interior region 966 of the 
tubular member 902. The tubular member 91 5 preferably has a substantially 
annular cross-section. In a preferred embodiment, the wall thickness of the 
tubular member 915 is greater than the wall tiiickness of the tubular member 
902. 

The tubular member 91 5 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steefe. In a preferred 
embodiment, tiie tubular member 915 is fabricated from oilfield tubulais in order 
to optimally provide approximately tiie same mecham-cal properties as the 
tubular member 902. In a partlcuiarjy preferred embodiment, tiie tubular 
member 915 has a plastic yield point tanging from about 275.9028 to 9307.92195 
bar (40,000 to 1 35^000 psi) in oider to optimally provide approximately the same 
yield properties as the tubular member 902. TTie hibular member 915 may 
comprise a plurality of hibular members coupled end to end. 

In a prefened embodiment. Oie upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 
and/or gaseous seal with an existing section of wellbore casing. 
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In a prefeired ennbodiment. the coMbin^d lei^Oi'&f tte iubdlar members 
902 and 915 are limited to minimize the possibility of buckling. For typical tubular 
member maleHals. the combined length of the tubular members 902 and 915 are 
limited to between about 12.192 to 6.096 m (40 to 20.000 feet) in length 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intemiediate portion 9 1 2 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
lubulani. low alloy steels, titanipm or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulars in order 
to opUmally provide approximately the same mechanical properties as the 

«ubularmember915.1naparUcular1y preferred embodiment, the tubular 
member 902 has a plasUc yield point ranging from about 275.9028 to 9307 921 95 
bar (40.000 to 135.000 psi) in order to optimally provide approximately the same 
yield properties as the tubular member 915. 

■^«^^«Wcknessoftheupper.intem,ediate.andlowerportions.910.912and 
914 of the tubular n^ember 902 may range, for example, from about 0.625 to 3.81 (1/16 to 
1.5 mches). ,n a prefened embodiment, the wall thickness of the upper, intemiediate 
^dowerpor.o„,9,,9,2and914ofthetubularmember9a2r 
to 3. 1 75 cms (1/8 to 1.25 inches) in order to optimally provide wall thickness that are 
about the same as the tubular member 915. In a preferred embodiment the wall 
thickness of the lower portionSHis less manor equal to the wall 

Por,.on9I0,n order to optimalfyprovideageometry that wflimintodght clearances 

aownhole. 

9 40 thenrbular^ember 902 may range, for^^^^ 

(I.05.o48mches). '"a preferred embodiment, the outer diameter of the upper. 

mtemrediate. and lowerportlons.910.912and914of the tubular member 902 raLge 

/n«,about8.89to48.26cms (3 .^tol9inches)inordertooptimallypro^de the ability 
to expand the most commonly used oilfield tubulars. 
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^ The length of the tubular member 902 is preffef^ly limited to between about 

0.6096 to 1.524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
^ mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordanrp wif h tha toirhiTip ? 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 
The tubular member 916 may comprise any nvunber of conventional conunerciaUy 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. In apreferred embodiment, the tubular member 915 comprises 
Oilfield Country Tubular Goods available from various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 916 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined Gram one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined fi^m one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a weUbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated &om any number of 

conventional commercially available materials such as, for example, oilfield 
_ tubulars, low alloy steel, coUed tubing or stainless steel. In a preferred 



( embodiment, the support member 904 is fabrfcat^d from'iow-Luo/L'el in order 
to optimally provide high yield strength! 

The innerstring adaptor 916 preferably is coupled to and supported by a 
coDventionaldrillstringsupportfromasurfecelocatdon. The innerstring adaptor 
6 916 may be coupled to a conventional driU string support 971 by a threaded 
connection 970. 

Thefluidpa£sage918,sprefer*lyuMdtocoir^nuidsM.dotternmteri,is 
to«.<lft<,mtt„apparah„900. to. I>«6rredena»<limenl. the flmd passage 918 
« fluidicl, coupled to the fluid passage 962. b aprefe^d «=hodiment, the fluid 
10 •«^8»M8isusedtocouvq,h.rdeushlefluidic.eaBng™fe^t,.^fr„„a,e 
appar.tas900. 1" particularly p«fe™dend«dime.t. the fluid passage 918 m«, 
mdude one or more pressure relief passages (not iUustrated) to release fluid 
pressureduriagpositioni.,gofthoapparatus900rtthinawellh«». ln.prde™i 
^■°>>'«^-tthefluidpassage918ispositio»edatagalongitudinaIo«,te^^ 
16 the apparatus 900. Preferred emhodhnont, the fluid passage 918 is selected 

to por,^ the couveyanc, of hardeuahle fluidlc mstorials at operaiiug pressures 
ranguig from about 0 to 620.52813 bar (0 to 9,000 psi). 

Il>eupperguide920isco„pledtoa.upperp„rtiouofthesupportmemb.r 

20 mthu,thotubularmeu.ber916. IV u^ guide 920^ comprise sr^uuuO^r 
^^^oual ^de members modifled ir. accord^u^ ^ the teachir^ Of the 

'"'P-ft-dembodimen.theupperguideaaOcompri.e.m. 
»™adsp.eravai,ah,efromHallibur,ouEue.^Ser.,^ 

"""P^gmdo the apparatus 900 «ithta the t«hularm«uber 916 

ThecoupUug922couplesthesupportmomber904tothem«utal906 The 
couphng922p,^erabl.„mprises.cou,e„U„^threadedcon«ction 

Of cou^utioual processes such as, ihr ^ ZdJ 

™=---<W«preferahI,i.cludcs.re..i„.r924.arubb.rc«p926,an 
«paus.ouc„.e928,alowerconere..iner930,.body.fc«u«.t932..Wergulde 
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^ 934, an extension sleeve 936, a spacer 938, a hdiiMng 940,*a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
-~ 950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such aa, for example, slotted spring pins or roU 
pin. 

10 The nibber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cup? such as, for example, TP cups or Selective 
15 lAiection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
uumber of conventional commerdaUy available lubricants such as, for example. 
Lubriplate™, chloiiae based lubricants, oil based lubricants or Climax 1500 Antiseize 

(SlOOXInapreferred embodiment. thelubricantcomprisesClimaxlSOOAntiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston. TX in 
order to optimally provide lubrication to fedliate the extrusion procesB. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement932, the lower guide 934, the extension sleeve 936. the housing 940, and 
theupperconeretainer»44. In a preferred embodiment, during operation of the 
30 apparatus 900. the tubular members 902 and 916 are exlxuded off of the outer 
surface ofthe expansion cone 928. In a preferred embodiment, axial movement 
_ Oftteexpansioncone928iapreventedbythelowerconeretainer930.housing940 
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and the upper cone retainer 944. Inner iad«a'mo>^ent of the expkn^ion cone 928 is 
prevented by the body of cement 932. the housing 940. and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. Tlie 
outside diameter of the expansion cone 928 Is preferably tapered to provide a cone 
shape. TTie wall thickness of the expansion cone 928 may range, for example, from 
about 0.3175 to 7.62 cms (0.125 to 3 inches). In a preferred embodiment, the waD 
thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms (0.25 to 0.75 
Inches) in order to optimally provide adequate compressive strength with minimal 
material. The maximum and minimum outside diameters of the expansion cone 928 
mayrange.forexample.&omabout2.54loll9.38cms(l to47inche$). Inapreferred 
embodiment, the maximum and minimum outside diameters of the expansion cone 928 
range from about a89 to 48.26 cms (3.5 to 1 9 inches) in order to optimally provide 
expansion of generally available oilfield tubulars. 

The expansion cone 928 may be fabricated from any number of 
com^nUonal commeiclally available materials such as. for example, ceramic, 
tool steel, titanium or low alloy steel. In a preferred embodiment, the expansion 
cone 928 is fabricated from tool steel In order to optimaHy provide high strength 
and abrasion resistance. The surface hardness of the outer surface of the 
expansion cone 928 may range, for example, from about 50 Rockwell C to 70 
RockweU C. In a preferred embodiment, the surface hardness of the outer 
surface of the expansion cone 928 ranges from about 58 Rockwell C to 62 
Rockwell C in order to optimally provide high yieW strength. In a preferred 
embodiment, the expansfon cone 928 is heat treated to optimally provide a hard 
outer surface and a reslUent Interior body In order to optimaUy provide abrasion 
resistance and fracture toughness. 

The tower cone retainer 930 Is coupled to the expansion cone 928 and the 
housing940. Inapreferred embodiment, axiarmovement of the expansion cone 
928 Is prevented bythelowerconeretalner930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-sectfon. 

The lower cone retainer 930 may be fabricated from any number of 
convenUonalcommereiallyavaUable materials such as. for example, ceramic, 
tool steel, titanium or low alloy steel In a prefened embodiment, the lower cone 
retainer 930 is fabricated from tool steel In order to optimally provide high 
strength 
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< and ab«sion resistance. TT^ surface hardness orU« outer surface of ,he lower 
cone reu^r 930 n«y ranje, ,or exan,pte, ftom abou. 50 Rockwel, C ,o 70 

~C.,„ap,efe.redemb«,,„,e„,.u«,„rf,eehard„esso,meou,ersurface 
of ,he lower cone reteiner 930 ranges from abou. 58 Rockwell C ,o 62 Rockwell C 

5 order loopunull, provide high yieWslrensO. In a p,.fe.ad embodi^en, ,he 
lower cone ^.alr^r 930 IS hea. ,rea.«, ,o opUmaU, provide a hard ou.er surface 

andaresillen.ln.e,to,bo*,n order .oopdmally provide abrasion reslsance and 
fracture toughness. 

10 con.,,?"!"^ -eUUnerSJOand U« expansion 

.Oc^ne928a«,onnedasanl«e„^one.pleceelen,e„.inorderreduce.henun,ber 
Of con,p»en« and increase U,e overall s».ng», „, ,he apparafus. The ouler 

^^ceofme lowercone,e«ln«930p,eferabVn«.es wim ,he inner surfaces of 
the tubular membere 902 and 91 5. 

mebo^^yo cemen, 932 provides an i™«r bearing su^lure for U« mandrel 906 

^ebodyofcen«™932,tahern«,beeasl,Vd,il,edou,„slngaconvenUonaldrf,, 
de-oce ,n dns rr^nner, tt,e mandrel 906 may be easily ren»>ved using a 
convenllonal drilling device. 

Tl» body Of cen,en, 932 may comprise any number of convenUonal 
20 comm««a.,ava„abteceme„.compounds. Altemadve,, aluminum, cas, iron^ 
«»neo««d.i«ab.eme,aiac,c„mposi,e.oragg.ga.ema,eHalmaybesubsU,uJ 
^■»*o,cemen.932p,e,e«b,hasasubs>a„.ia;annu,arcrr 

™"°^»'"*934lscoupted,ott,eex.ensionsleeve93Sandhousing940 
934p,eferablyhasasubslanllally««rtircross.secUon 

comm'*! IT ™^ o' c— nal 

30 steel „ statntess steel. ,n a p,efe,«d emb^iimen,, the lower guide 934 is 
rab„ca,edf,omk,wa«o,stee,l„o,der.oopMmallyprovidehighyiek.st,e„gthn« 



( °"'^""'^^^^°f»he'<>^erguide934prefembIymateswlU,theInnersurfaceoft^ 
tubular member 902 to provide a slidir>g fit. 

The extension sleeve 936 Is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 
5 helRSguidethemovementofthemandreI906withinthetubuIarmember902 The 
extension sleeve 936 preferably has a substantially annular cross-section 

The extension sleeve 936 may be fabricated from any number of 
convenUona] commercially available materials such as. for example, oilfield 
.ubulars. low alloy steel or stainless steel. In a preferred embodiment, the 

.0extensionsleeve936isfabricatedfromlpwalloysteelinordertooptimallyprovide 

h.ghyield strength. TT.eou.ersurfaceoftheextensionsleeve936preferablyma.es 
w,th the inner surface of the tubular member 902 to provide a sliding fit m a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
fom,ed as an integral one-piece element in order to minimize ^e number of 
1 5 component and Increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably,^^^^^^^^ 

tube960oftheshoe908. this manner, a plug or dart can be conveyed from the 

20 " ""^^ P--Se 962. 

20 Preferably, the spacer 938 has a substanUally annular cross-seCion 

The spacer 938 may be fabricated from any number of conventional 

ommerc«llyavai.ablemateriabsuchas.forexample.s.eel.aluminu^ 

napreferred embodiment, the spacer 938 Is fabricated from aluminum in order 
25 ^-"^°^"^-l--r938preferab^mateswiththe 
endof.heextensiontube960. In a preferred embodiment, the spacer 938 and the 

seal.ngsleeve942arefom,edasanintegralone-piece element inorder to reduce 
the number Of components and increase thestrength of the apparatus 

The housing 940 is coupled to the lower guide 934. extension sleeve 936 
-P-«-ncone928.bodyofcement932.andlowerconeretainer930. During 
30 -P«-«onoftl.apparatus900.thehousing940preferablypreventsi^^^^ 

mohonofthe expansion cone 928. Preferably.the housing 940 hasasubstantially 
annular cross-section. 
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( The housing 940 may be fabricated from any number of conventional 

commercially available materials such as. for example, oilfield tubulars. low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 

from lowalloysteelino,dertooptimallyprovidehighyield strength. Inaprefeaed 
5 embodiment, the lower guide 934. extension sleeve 936 and housing 940 are 
fomied as an integral one-piece element In or6er to minimize the number of 
components and increase the strength of the apparatus. 

In a particularly prefeaed embodiment, the interior surface of the housing 
940 mcludes one or more protrusions to faciliate the connecUon between the 
1 0 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904. the body of 
cement 932. the spacer 938. and the upper cone retainer 944. During operation of 
Ihe apparatus, the sealing sleeve 942 preferably provides support for the mandrel 

906. Thesealingsleeve942ispreferablycoupledtothesupportmember904using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 



The seabng sleeve 942 may be fabricated from any number of conventional 

commerclallyavallablema.erialssuchas.forexample.steel.aluminumorcastiron 
in a preferred embodiment, the sealing sleeve 942 Is fabricated from aluminum in 
20 order to optimally provide driUability of the sealing sleeve 942. 

In a particulariy preferred embodiment, the outer surface of the sealing 

sleeve942mcludesbneormoreprotrusionstofaciHatetheconnectionbetweenthe 
sealing sleeve 942 and the body of cement 932. 

oc ... '"''^'^""'"^^P'^^^^**^"*<^«n«.'hespacer9^^ 

25 9 2are integrally fom^edasaone-pieceelementinorder to minimize the number 
of components. 

The upper cone retelne, 9*1 b coupled ,o tt,e expamion cone 928 the 

«a«^sleeve942,»dU«bod,ofceme™932.Dun.^ope,3UonofU,eappa^ 
900, *e "Ppercone ^rM* fr^^ ^ 

30 cone928. >^fen.bl,.U«upperco„e,eui„e,944hasasubs,anUa«yannu«a,aoss- 
section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commerciaUy available materials such as, for example, steel, 
aluminum or cast iron. In a prefen-ed embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimally provide drillability of the upper cone 
5 retainer 944. 

In a particulaily prefened embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particulariy 
prefened embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the amount 

10 of material that would have to be drilled out 

The lubricator mandrel 946 Is coupled to the retainer 924, the rubber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of Uie apparatus 900, tiie lubricator mandrel 946 preferably contains Oie 
body of lubricant In ttie annular region 972 for lubricating the interi^ace between the 

15 mandrel 906 and ttie tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandiel 946 is 

20 fabricated from aluminum in order to optimally provide driUabiUty of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, ttie 
retainer 924. thenibbercup926. Uie upper cone retainer 944. Uie lubricator sleeve 
948. and the guide 950. During operation of ttie apparatus 900, the lubricator sleeve 

25 948 preferably supports ttie nibber cup 926. Preferably, the lubricator sleeve 948 
has a substanti'ally annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a prefened embodjment. ttie lubricator sleeve 948 Is 

30 fabricated from aluminum in order to optimally provide drillability of Uie lubricator 
sleeve 948. 
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As Illustrated In Fig. 9c, the lubricator sleeve 94« is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the njbber cup 926. The 
retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In a 
preferred embodiment, seals 949a and 949b are provided between the lubricator 
mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
guide 950 has a substantiedly annular cross-section. 

The guide 950 may be fabricated from any number of conventional commercially 
available materials such as, for example, steel, aluminum or cast iron. In a preferred 
embodiment, the guide 950 is fabricated from aluminum order to optimally provide 
drillability of the guide ^50. 

The fluid passage 952 Is coupled to the mandrel 906. During operation of the 
apparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. In a 
prefened embodiment, the fluid passage 952 is positioned about the centeriine of the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 952 is adapted 
to convey hardenable fluidic materials at pressures and flow^ rate ranging from about 0 to 
620.52813 bar (0 to 9,000 psl) and 0 to 1 1356.2355 litre^/mlnute (0 to 3.000 gallons/min) in 
order to optimally provide pressures and flow rates to displace and circulate fluids 
during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number of 
conventional process such as, for example, threaded connections, welded connections 
or cementing. In a prefened embodiment, the various elements of the mandrel 906 are 
coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
seafing sleeve 958» an extension tube 960, a fluid passage 962, and one or moiB 
outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion914 of the tubular member 902. During operation of ttie apparatus 900, 
the housing 954 preferably couples the lower portion of Uie tubular member 902 
to the shoe 908 
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( to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of com^entional 
commercially available materials such as. for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum In order to 
optimally provide drillabllity of the housing 954. 

In a particulariy preferred embodiment, the interior surface of the housing 

954 includesbrte or moreprotmsionstofaciliate the connection betvveen the body 
of cement 956 and the housing 954. 

10 The body of cement 956 is coupled totiiehousing 954. and the sealing sleeve 
958. In a prefeired embodiment, the composition of the body of cement 956 is 
selected to pemiit the body of cement to be easily drilled out using conventional 
drilling machines and pn>cesses. 

The composition of the body of cement 956 may include any number of 

15 conventional cement compositions. In an alternative embodiment, a drillable 
tnatenal such as. for example, aluminum or iron may be substituted for die body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956. the extension 
tube 960. the fluid passage 962. and one or more outiet jets 964. During operation 
20 of the apparatus 900. «,e sealing sleeve 958 prefen^bly is adapted to convey a 

hardenablefluidicmaterialfromti,efluidpassage952intothefluldpassage962and 

then into theoutietiets964inordertoiniecltiiehardenablefluldic material intoan 
annular region external to tiie tubular member 902. In a prefen^l embodiment 
dunng operation of the apparatus 900. the sealing sleeve 958 further Includes an' 

25.nletgeometrythatpemutsacom.entionalplugordart974tobecomelodgedinthe 
mlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 

blockedti.embyfluidiclyisolating,heinterior«glon966ofti.etubularmember902 

Inaprefeiredembodiment.theseaII,^sleeve9S8hasasubstantiallyannular 
cross-sectioa The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel 
aluminum or cast iroa In a preferred embodiment, the sealing sleeve 958 is 



fabricated from aluminum in order to optimaUy provide driUability of the seaJine 
^ sleeve 958. • ^ 

The extension tube 960 is coupled to the sealing sleeve 958. the fluid 
passage 962. and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 .fiirther includes an inlet 
10 geometry that permits a conventiomd plug or dart 974 to become lodged in the 
mlet of the sealing sleeve 958. In this mamier. the fluid passage 962 is blocked 
thereby fluidicly isolating the interior region 966 of the tubular member 902 In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 

the spacer 938 inorder to optimaUy faciliate the transfer of material between the 

two. 
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In a preferred embodiment, the extension tube 960 has a substantially 
^ annularcross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as. for example steel 
aluminum or cast iron. In a prefermi embodiment, the extension tube'960 is' 
20 fabricated from aluminum in order to optimally provide drillabiHty of the 
extension tube 960. 

W«960,..>doneormoreouaetjet.964.Durii,gopemaonofthe.Bp.«tu.9OT 
the fluid 962 i. p,rfe«bly i^^^ „^ ' 

» adapted .. cou,^ h.^,, ^ and flow n«. 

8-ta«ta.)«.0rier»„ptoaLypr„™fcfl„i<b«„p^„^y^^^ 

960 a„dtheflmdp.aa.ge962. Durfc«opa«fl»„fth.appar.tna900.a,eouaet 



^ to the region exterior of the apparatus 9t)0. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drUled in 
the housing 954 and the body of cement 956 m order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantiaUy as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a weUbore into a subterranean formation, 
a drill string is used in a well known manner to driU out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardenable Huidic sealing material then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 mto 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 

weUbore. Continued pumpingofthe hardenable fluidic sealing material causes the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 

30 ammlar region « pressure, and flow rate, tBn^, for example, from about 0 to 344:73785 bar (0 to 5.000 
pa) and 0 to 5678.1177 litres/minute (0 to 1.500 gallons/nun), respectively. In a preferred embodin>enl. 
tte haidenable fluidic scaling inrterid is pumped into the Minular region at pi^^ 
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and flow rates that are designed for the specific wellbore section in order to 
opUmize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulaUng pressures such that circulaUon might be lost and 
that could cause the wellbore to collapse. The opUmum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
for example, slag mbc. cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services In Dallas. TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

operational difficultiesduringUiedisplacement of the cementin the annular region. 
The optimum composition of the blended cements is preferably determined using 
15 conventional empirical methods. 

The annular region preferably is filled wiUi the hardenable fluidic sealing 

material In sufficient quantities to ensure that, upon radial expansionof the tubular 
member 902. the annular region of the new section of the wellbore will be filled 
with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 
sealing material, aplug ordart974. or otiier similar device, preferably is introduced 
into the fluid passage 962 tiiereby fluidicly isolating the Interior region 966 of the 

tubular member902ftx)m the extemalannularregfoalnaprefeired embodiment, 
a non hardenable fluWIc material is then pumped into the interior region 966 

25 causing the Interior region 966 to pressurize. In a particulariy prefeired 
embodiment, the plug or dart 974. or otiier similar device, preferably Is introduced 
Into the fluid passage 962 by introducing the plug or dart 974. or other similar device 
into the non hardenable fluidic material. In Uiis manner, the amount of cured 
material within ttie interior of the tubular members 902 and 915 is minimized. 

30 Once the Interior r^ion 966 becomes sufiicienUy pressurized. Uie tubular 
members 902 and 915 are extnided offof tiie mandrel 906. The mandrel 906 may 
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be fixed or it may be expandible. Ddfing the extrusion process, the mandrel 906 
^ is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationaiy. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSG) latch-down plug. Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In apreferred embodiment, the plug or dart 974 comprises 
a MSG latch-down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fiuidic material is preferably pumped into the interior region 966 at 
16 pressures and flow rates ranging from approximately 34.473 to 620.528 13 bar (500 to 
9.000 psi) and 151.4164 to 1 1356.2355 ]iti«sAninute (40 to 3,000 gallona/min) in order to 
optimally ractnide die tubular members 902 and 915 ofif of Ae mandrel 906. 

For typical tabular meoben 902 and 915. tibe cattrusion of the tubular memben 902 and 915 off 
of the e;q,aijdable mandrel will begin when the pressure of flie interior region 966 leadbes approxiimteiy 
34.473 to 620.52813 bar (500 to 9.000 psi). In a preferred embodimeirt. the extrusion of the tubular 
members 902 and 915 ofif of th* mandrel 906 begins when the pressure of the interior region 966 reaches . 
apptoxiauitely 82.7352 to 586.041 bar (1,200 to 8.500 psi) with a flow mte of about 151.4164 to 
4731.7648 lilIes^mlttte (40 to 1250 gallons/hunute). 

During the extrusion process, the maodrol 906 may be rased out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, fiom about 0 
2g to 1.524 ni/s(0 to 5 ft/sec). In a preferred embodiment, during the extnision process, the 
mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 &/sec) in order to optimally provide 
pulling speed fast enough to permit efficient operation and pennit full expansion of the 
tubular members 902 and 915 prior to curing of the hardenable fluidic sealing matoial; 
but not so fast that timely adjustment of operating parameters during operation is 
30 prev^ted. 
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mandrel 906. the integrity of the fluidic seal of the overlapping joint between the 
upper porUon of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 9 1 5 and the lower portion 
5 of the existing casing is satisfactory, Uien Oie uncured portion of any of the 
hardenable fluidic sealing material within the eiqjanded tubular member 9 1 5 is then 
removed in a conventional manner. The hardenable fluidic seaUng material within 
tiie annular region between Uie expanded tubular member 915 and tire existing 
casing and new section of wellbore is then allowed to cure. 
1 0 Preferably any remainir^ cured hardenable fluidic sealing material wiUiin the 

interior of the expanded tubular members 902 and 915 Is Uien removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes tiie expanded tubular members 902 and 915 and an 
outerannular layer of cured hardenable fluidic sealing material. The bottom portion 
15 of Uie apparatus 900 comprising tiie shoe 908 may Uien be removed by drilling out 
tiie shoe 908 using conventional drilling methods. 

In an alternative embodiment, during Uie extiusion process, it may be 
necessary to remove Uie entire apparatus 900 from Uie interior of Uie weUbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of ttie apparatus 900 in order to faciUtale Uie removal of Uie 
remaining sections. In a prefenned embodiment, Uie interior elements of the 
apparatus 900 are fabricated from materials such as. for example, cement and 
aluminum, ttiat penult a conventional drill string to be employed to driU out Uie 
interior components. 

25 In particular, in a preferred embodiment, tiie composition of the interior 
sections of Uie mandrel 906 and shoe 908. including one or more of Uie body of 
cement 932. Uie spacer938. Uie sealing sleeve 942. Uie upper cone retainer 944, Uie 
lubricalormandrel 946, ttie lubricator sleeve 948. ttieguide950. Uie housing954, Uie 
body of cement 956. ttie sealing sleeve 958. and Uie extension tube 960. are 

30 selected to perniil at least some of these components to be drilled out using 
conventional drilling meUiods and apparatus. In Uiis manner, in Uie event of a 



( malfunction downhole. the apparatus 900 may be easily removed from the 

wellbore. 

Refenins now to Figs. 10a. lOb. 10c. lOd. lOe. lOf. and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described As 
5 Illustrated in Fig. 10a.awellbore 1000 posiOoned In a subten^nean formation 1002 
includes a firet casing 1004 and a second casing 1006. 

•nie first casing 1004 preferably includes a tubular liner 1008 and a cement 

annulus 1010. The second casing 1006preferablylncludesa.ubularlinerl012and 
a cement annulus 1014. In a prefened embodiment, the second casing 1006 Is 
10 fomied by expanding a tubular member substantially as described above with 
reference to Rgs. l-9c or below with reference to Figs. 1 Ia-1 If. 

In aparticulariypreferred embodiment, an upper portion of the tubular liner 
1012 overlaps with a lower porUon of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more sealing member. 1016 for providing a fluldic seal 
between the tubular liners 1008 and 1012. 

Referring to Fig. 1 Ob. in order to create a tie-back Uner that extends from the 
overlap between the firstand second casings. 1004 and 1006. an apparatus II 00 is 
preferably provided that includes an expandable mandrel or pig l ,05. a tubular 

20memberllI0.ashoein5.oneormorecupsealsI120.afluidpassagell30.afluld 
passage 1 135. one or more fluid passages 1 140. seals 1 145. and a support member 
1 1 50. 

•n>e expandable mandrel or pig l ,05 is coupled to and supported by the 
support member 1150. The expandable mandrel 1,05 Is preferably adapted to 
25 controllably expand In a radial direction. The expandable mandrel 1,05 may 
comprise any number of conventional commercially available expandable 

mandrelsmodlfiedinaccordancewiththeteachingsofthepresentdisdosure In 
a piefen^ embodiment, the expandable mandrel 1 105 comprises a hydraulic 
expansion tool substantial^ as disclosed in U.S. Pat No. 5.348.095. the disclosure 
30 of which is inconx,rated herein by reference, modified in acconlance with the 
teachings of the present disclosure. 



The tubular member 11 10 is ^ypiM to i/i<£sapp(it4d.b^ the expandable 
mandrelllOS. TTte tubular member 1105 Is expanded in the railal direction and . 
extruded off of the expandable mandrel 1 1 05. TTie tubular member 11 10 may be 
fabricated fmm any number of materials such as. for example. Oilfield Countiy Tubular 
Goods. I3chiomium tubing orplastic piping. In a prefened embodiment, the tubular 
member 1 1 10 is fabricated from Oilfield CtounHy Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 10 may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 Inches) and 2.667 to 121 J2 
cms (1.05 to 48 inches), respectively. In apreferred embodiment, theimier and outer 
diameters of the tubular member 1 1 10 range from about 7.62 to 39.37 cms (3 to 15 5 
inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respecth^ely in order to optlmaUy 
provide coverage for typical oilfield casing sizes. The tubular member 1 1 10 preferably 
comprises a solid member. 

In a prefened embodiment, the upper end portion of the tubular member 1 1 10 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 1 1 05 when 
It completes the extrusion of tubular member 1110. In apreferred embodiment, the 
length of the tubular member 1 110 Is limited to minimize the possibility of buckling For 
lyplcal tubular member 1110 materials, the length of the tubular member 1 1 1 0 is 
preferably limited to between about 12.192 to 6.096m (40 to 20.000 feet) In length. 

■me shoe 1 115 is coupled*, the expandable mandrel 1 105 and the tubular 
memberlllO. The shoe 1 115 includes the fluid passage 1 135. TTieshoe 1115may 
comprise any number of conventional commercially available shoes such as for 
example. Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide shoe with 
a sealing sleeve for a latch down plug modified in accordance with the teachings of the 
presentdisclosure. In a prefened embodiment, the shoe 11 15 comprises an aluminum 
down.}et guide shoe wittr a sealing sleeve for a latch^lown plug with side ports radiating 
off of the exit flowport available from HalUburton Energy Services In Dallas. TX, modified 
In acconlance with the teachings of the present disclosure, in oixler to optimally guide 
the tubular member 1 100 to the overtap between the tubular member 1 1 00 and the 
casing 1012. opdmallyfluldlcly Isolate the Interior of the tubular member 1100 after the 

latch down plug has seated, and optimaDypemilt drilling out of ttie shoe 1115after 
completion of the expansion and cementing operations. 

In a prefened enibodiment. the shoe 11 1 5 includes one or more side 

outlet ports 1140 Infliildiccommunicatlonvvlth the fluid passage 1135. In this 
nuumer. 



^ ^^l^^^o^lllSmjectahardenablefluidicvsi^materi^^ 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
^ ^'='"^«^°°^°'''=oreofthefluidpassagesll40eachhavinganinletgBometo^that 
canreceiveadartand/oraballsealingmember.Inthismanner.thefluidpassages 
5 1140 can be sealed offby introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

Thecupsealll20iscoupledtoandsupportedbythesupportmemberU60 
The cup seal 1120 prevents foreign materials ftom entering the interior region of 

thetubular member lllOa^jacenttotheexpandablemandrel 1105. Thecupseal 
10 1120 may comprise any number of conventional commercially available cup seals 

sudias. for example. TP cupsorSelectiveIr«ectionPacker(SIP)cupsmodifie^ 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup. available from Halliburton 

Energy Servicesin Dallas. TXin order tooptimallyprovideabarriertodebrisand 
15 contain a body of lubricant. 

The fluid passage 1130 pennits fluidic materials to be transported to and 

from the interior region of the tubular member lUO below the. expandable 

- mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 

support member 1150 and the expandable mandrel 1 105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 

expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 

a centerhne of the apparatus 1100. The fluid passage 1130 is preferabfy selected 

to transport materials such as cement, drilling mud or epoxies at flow rates and 

pressures rangmg fiom about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) 

25 ^0to620.52813bar(0to9.000psi)inordertooptimaUyprovidesufficicntoperating 
pressures to circulate fluids at operational efficient rates. 

Thefluidpassagell35penmtflfluidicmaterialstobetranamittedfiomfluid 
passage 1130 to theinteriorofthetubularmemberlllObelowthemandrel 1106 

Thefluidpassagesll40penmtsfluidicmaterialstobetransportedtoand 
from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1116 in fluidic 
^communication with the interior region of the tubular member 1110 below the 
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^ expandable mandrel 1105. The fluid TaJ^agea* p^rM^ ^^^^ ^ 

sectional shape thatpermit8aplug,orotfier similar device, to beplacedinthefluid 
passages 1140 to thereby block further passage of fluidic materials In tius 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated fix,m the region exterior to the tubular 

member 1105. ThispermitstheinteriorregionofthetubularmemberlllObelow 
the expandable mandrel 1105 to be pressurized. 

The fluidpassagee 1140 arepreferablypositionedalongtheperipheiyofthe 
shoe 1115. The fluid passages 1140 are preferably selected to conv^ materials 

10sachascement.drillingmudorepoxiesatflowrateaandpressur«8ranginglrom 
• """""^"^'^ ''^^ gallon^minute) and 0 to 62.52813 bar (0 

o 9^ pso „ o«ier to optimaUy fiU the annular region between the tubular member 
n lOand the tubularliner 1008 with fluidic materials. In aprefexred embodiment, the 
fl«xdpassagesn40includeani^etgeomet^«..eanreceiveadart^^^^ 

the apparatus 1 100 mcludes a plurality of fluid passage 1 140. 

^«"«lt«™'^«vBembodiment.theba3eoftheshoelll5inchadesaaingle 
-^^^P-agecoupledtothefluidpaasagBslUOthatis^laptedtoreceive 
20 "^'^--^device.topermittheinteriorregionofthe^^ 
to be fluidicly isokted from ti^e exterior of the tubular member 1110 

'^««««^"45arecoupledtoandsupportedbyalowerendportionofthe 
tubularmemberino. seals 1145 ar.^er positioned on an outer surface 
o^thelowerendportionofthetubularmemberlllO. The seals 1146 permit the 

overl^pu^jomtbetweentheupperendportionofthecasinglOlZandthelower 
end portion of the tubular member 1110 to be fluidicly eealed 

JbB seas 1145 may comprise any number of conventional commerdaUy 

ava^lablesealssuch as, for example, lead. rubber.Teflon-orepoxyseaIs modified 

30 elT"^ "^"^ °' ^"^^ ^ P-^-d 

embo^ent.thesealsll45comprisesealsmoMedfromStratalock^^ 
from Halliburton Energy Services in Dallas. TX in order to optimaUy provide a 



^ hydraulic seal in the overlapping joint aAffoptimally provide Toad carrying capacity 
to withstand the range of typical tensile and compressive loads. 
— In a preferred embodiment, the seals 1 145 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1 1 10 from the 
5 tubular liner 1008. In a preferred.embodiment, the frictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68. 947.57 bar (1,000 to 1,000, 000 Ibf) in tension and 
compression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant ^150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any nimiber of conventional commercially available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or CUinax 1500 Antisieze (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from CJlimax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extruaion process. 

In apreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1 100 is minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1165 coupled to the bottom section of the shoe 1115 for fluididy isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
_ materials are prevented from entering the region of the weUbore 1000 below the 



apparatus 1 100. The packer 1 155 may comprise any number of conventional 
commercially available packers such as. for example, EZ DriU Packer, EZ SV 
Packer or a driUable cement retainer. In a prefeired embodiment, the packer 
1 1 55 comprises an EZ Drill Packer available from Halliburton Energy Services in 
Dallas. TX. In an alternative embodiment, a high gel strength pill may be set 
below the tie-back in place of the packer 1 155. In another alternative 
embodiment, the packer 1 1 55 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of weUbore volumes are circulated in order to 
ensure that no foreign materials are located within the weUbore 1000 that might 
ctog up the various ftow passages and valves of the apparatus 1100 and to ensure 
that no foreign material Interferes with the operation of the expanston mandrel 
1105. 

As illustrated In Fig, 10c, a hardenable fluldic seaUng material 1 160 is then 
pumped from a surface location into the fluW passage 1 130. The material 1 160 
then passes from the fluid passage 1 1 30 Into the Interior region of the tubular 
membetl 110 below the expandable mandrel 1105. The material 1160 then 
passes from the Interior region of the tubular member 1 1 10 Into the fluid 
passages 1 140. TTie material 1 160 then exits the apparatus 1 100 and fills the 
annular region between the exterior of the tubular member 1 110 and the Interior 
wall of the tubular liner 1008. Continued pumping of the material 1 160 causes 
the material 1 1 60 to fill up at least a portion of the annular legfoa 

The material 1160 may be pumped Into the annular regfori at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5.000 psi) 
and0to5678.I177lltres/rnlnute(0to 1.500 gallonsAnin), respectively. Ina 
preferred embodiment, the material 1160 Is pumped Into the annular region at 
pressures and flow rates specifically designed for die casing sires being nm. the 
annular spaces being fiUed. the pumping equipment available, and the properties 
of the fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical methods. 
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( The hardenable Huidlc sealing material 1 1 60 may comprise any number of 

conventional commerciaUy available hardenable fluidic sealing materials such as. 
for example, slag mix. cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1 160 comprises blended cements specifically 
5 designed for well section being tied-back. available from Halliburton Energy 
Services in Dallas. TX in order to optimally provide proper support for the tubular 
member 1 1 10 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
10 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure tiiat. upon radial expansion of the tubular member 1 1 10, the 
annular region will be filled vkdth material 1 1 60. 

As illustrated in Rg. 1 Od. once tiie annular region has been adequately filled 
15 with material 1 160. one or more plugs 1 165. orother similar devices, preferably are 
introduced into ttie fluid passageslI40Uierebyfluidicly isolating Uieinteriorregion 
ofUietubularmemberlllOfromlheannularregionextemaltothetubularmember 
1 1 10. In a prefened embodiment, a non hardenable fluidic material 1 161 is tiien 
pumped into the interior region of the tubular member 1110 below the mandrel 
20 1105 causing tiie interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1 1 65. or otiier similar devices, are introduced 
into the fluid passage 1140 witfi the introduction of the non hardenable fluidic 
material. In tiiis manner, the amount of hardenable fluidic material witiun Uie 
interior of Uie tubular member 1 110 is minimized. 
25 As illustrated in Fig. lOe. once Uie interior region becomes sufficienUy 
pressurized, the tubular member 111 0 is extruded off of the expandable mandrel 
1 105. During the extnision process. Uie expandable mandrel 1 105 is raised out of 
Uie expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into Uie fluid passages 1140 by 
30 introducing Uie plugs 1 165 into Uie fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of conventional 
commerciaIlyavailabledevicesfrompluggingafluidpassagesuchas.forexample. 



brass balls, plugs, rubber balls, or darts rtbtfififed In kccijrilanieivWUi the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1 165 comprise low density nibber balls. In 
an altemalive embodiment, for a shoe 1 1 05 having a common central inlet passage, the 
plugs 1 165 comprise a single latch down dart. 

After placement of the plugs 1 165 In the Huid passages 1 140. the non hardenable 
nuldic material 1161 Is preferably pumped into the Interior region of the tubular member 
1 110 below the mandrel 1 105 at pressures and flow rates ranging ftom approximately 
34.473to620.528I3bar(500to9.000psl)and 151.4I64to 1 13.562.355 Htres/minute (40 to 
30,000 gallons/min). In a preferred embodiment, after placement of the plugs 1165 in 
the fluid passages 1140, the non hardenable fluldic material 1161 is preferably pumped 
into the interior region of the tubular member 1 1 1 0 below the mandrel 1105 at pressures 
and flow rates ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 
151.4164 to 4731.7648 litres/minute (40 to 1250gallons/min) in order to optimally provide 
extrusion of typical tubulars. 

For typical tubular members 1 1 1 0. the extrusion of the tubular member 
1 1 10 off of the expandable mandrel 1 105 wiU begin when the pressure of the 
interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
example, approximately 82.737 to 586.0543 bar (1 200 to 8500 psI). In a preferred 
embodiment, the extmsion of the tubular member 1 1 10 off of the expandable 
mandrel 1 105 begins when the pressure of the interior region of the tubular 
member 1 1 10 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 
bar (1200 to 8500 psi). 

During the extmsion process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1 1 10 at rales ranging, for 
example, from about 0 to 1.524 w/s (0 to 5 ft/sec). In a preferred embodiment, 
during the extrxislon process, the expandable mandrel 1 105 Is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 nVs (0 to 2 n/sec) in oider to optimally provide pemiit adjustment of 
operational parameters, and optimaBy ensure that the extnislon process wfll be 
completed before the material 1 160 cures. 

In a preferred embodiment, at least a portion 1 180 of the tubular member 1110 
has an Internal diameter less than the outside diameter of the mandrel 1 105. In this 
fnanner. when the mandrel 1 105 expands the section 11 80 of the tubular member 1110. 
at least a portion of.the expanded section 1 180 effects a seal with at 



least the wellbore casing 1012. In a i^-eferJed 4-mB8aimirit. Ihfe seal Is effiected 
by compressing the seals 1016 between the expanded section 1180 and the 
wellborecasing 1012. In a prefened embodiment, the contact pressure of the 
joint between the expanded secUon 1 180 of the tubular member 1 1 10 and the 
casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10.000 psi) in 
order to optimally provide pressure to activate the sealing members 1 145 and 
provide optimal resistance to ensure that the joint wiH withstand typical extremes 
of tensile and compressive loads. 

In an aJtemative preferred embodiment, substantially all of the entire 
length of the tubular member 11 1 0 has an internal diameter less than the outside 
diameter of the mandrel 1 1 05. In this manner, extrusion of the hibular member 
n 10 by the mandrel 1 105 results In contact between substantially aU of the 
expanded tubular member 1 1 10 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1 1 10 and the casings 1008 and 1012 ranges fiom about 34.473785 to 
689.6757 bar (500 to 10.000 psi) in order to optimally pmvide pressure to acUvale 
the sealing members 1 145 and provide optimal resistance to ensure that the jbint 
will withstand typical extremes of tensile and compressh^e loads. ' 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controliably ramped down when the expandable mandrel 1105 
reachestheupperendportionofthetubularmemberlllO. In this manner, the 
sudden release of pressure caused by the complete extmsion of the tubular 
member 1 1 10 off of the expandable nnandrel 1 105 can be minimized. In a 
preferred embodiment, the operating pressure of the fluldic material 1 161 Is 
reduced In a substantially linear fashion from 100% to about 10% during the end 
of the extmsion process beginning when the mandrel II 05 has completed 
approximately aU but about 1.524m (5 feet) of the extrusion process. 

Altematwely, or in combination, a shock absorber Is provided In the 
support member 1 150 in order to absort> the shock caused by the sudden release 
of pressure. 



<' Alternatively, or in combination, a mandrel catching stnicture isprovided in 

the upper end portion of the tubular member 1 1 10 in order to catch or at least 
decelerate the mandrel 1 1 05. 

Referring to Fig. lOf. once the extnision process is completed the 
5 expandable mandrel 1105 is mmoved from the wellbore 1000. In a preferred 
embodiment, either before orafter the removal of the expandable mandrel 1 105 

«he integrity of the fluidic seal of thejoint between the upper porUon of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the lluidic seal of the joint between the upper porUon of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactory, then the uncured portion of the material 1 160 within the expanded 

tubularmemberllI0lsthenremovedinaconvenUonalmanner.Tl,ematerialll60 
w,thin the annular region between the tubular member 1 llOand the tubular liner' 
1008 is then allowed to cure. 

15 AsaiustiatedinFi8.10f.preferablyanyremainingcuredmaterialI160within 
the interior of the expanded tubular member llio is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 1 70 includes the expanded tubular member 1 1 10 and an outer annular 
layer 1 1 75 of cured material 1 1 60. 
20 As illustrated in Fig. I Og. the remaining bottom portion of the apparatus 1 1 00 

comprising the shoe 1 115 and packer 1 155 is then preferably removed by drilling 
out the shoe 1 1 15 and packer 1 155 using conventional drilling methods. 

In a particulariy preferred embodiment, the apparatus 1 1 00 incorporates the 
apparatus 900. 

25 «^fe'^"SnowtoFigs.lla-llf.anembodimentofanappaiatusandmethod 
for hangingatubularHneroffof an existing wellbore casing will now be described 
^illustrated inFig.,la.awenborel2001spositionedinasubtenanean formation 
1205. The wellbore 1200 Includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1220. 

30 InordertoextendU^ewellbore 1200 into ti.e subterranean fomiation 1205 

a drill string 1225 is used in a well known manner to drill out material fn,m the 
subtenaneanfomiation 1205 to fonn a new section 1230. 



sa 



As iUustratedlnFlg. llb.anaRp^iralus 1300 iifforiTiing.*aweUbore casing 
in a subterranean formation is then posiUoned in the new secUon 1230 of the 
wellbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
pig 1305. a tubular member 1310. a shoe 1315. a fluid passage 1320, a fluid 
passage 1330, a fluid passage 1335. seals 1340, a support member 1345, and a 
wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345.. TTw expandable mandrel 1305 is preferably adapted to conbollably 
expand in a radial direction. The expandable mandrel 1305 may comprise any number 
of conventional commercially available expandable mandrels modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the 
expandable mandrel 1305 comprises a hydraulic expansion tool substantiaily as 
disclosed in U.S. PaL No, 5.348.095. the disclosure of which is Incorporated herein by 
reference, modified in accordance with the teachings of the present disclosure. 

The tubular member 1310 Is coupled to and supported by the expandable 
mandrel 1305. The tubular member 13 10 is preferably expanded in the radial 
direction and extmded off of the expandable mandrel 1305. TTie tubular member 
1310 maybe fabricated from any number of materials such as, for example, 
Oilfield Country Tubular Ckxxis (OCTG). 13 chiomhim steel tubing/casing or 
plastic casing. In a preferred embodiment, the tubular member 1310 Is 
fabricated from OCTG. The inner and outer diameters of the faibubr member 
1310 may range, for example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms Cl.05 to 48 Inches), respecth^ely. In a preferred 
embodiment, the inner and outer diameters of the tabular member 1310 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respect^ely In order to optimally provide minimal telescoping effect in 
the most commonly encountered vveIRx>re sizes. 

In a preferred embodiment, the tubular member 1 310 includes an upper portion 
1355. an intemiediate portion 1360. and a lower portion 1365. In a prefened 
embodiment, the wall thickness and outerdiameter of the upper portion I3S5of the 
tubular member 1310 range from about 0.375 to 3.81 (3/8 to 1 V4 Inches) and 8.89 to 40.64 
cms (3 'A to 16 inches), respectively. In a prefened embodiment, the wall thickness 
and outer diameter of the intermediate portion 1360 of Oie tubular member 1310 range 
from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches) and 7.6^ l6-48.26x:m3 '(3 to 19 inches), 
respectively. In a prefened embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0,375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubulcu- 
member 1310 in order to optimally faciliate the initiation of the extmslon process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member, in a 
prefened embodiment, the upper end portion 1355 of the tubular member 1310 
is slotted,^ perforated, or otherwise modifled to catch or slow dovm the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a prefened 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferabty limited to between about 12,192 to 6,096 
m (40 to 20,000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum down*]et guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the 
tubular member 1310 into the wellbore 1200, optimally fluidicly isolate the 
interior of the tubular member 1310, and optimally pemiit the complete drill out 
of the shoe 1315 upon the completion of the extrusion and cementing 
operations. 

In a preferred embodiment, the shoe 1315 further includes one or more 
side outlet ports in fluidic communication with the fluid passage 1330. In this 
manner, the shoe 1315 preferably injects haidenable fluidic sealing material into 



the region outside the shoe 1315 and tubular meinber 1 ^ 1 6. ' hi a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometry that can receive a fluidic sealing member In this manner, the fluid 
passage 1 330 can be sealed off by introducing a plug, dart and/or ball sealing 
elements into the fluid passage 1330. 

The fluid passage 1320 permits fluidic materials to be transported to and from the 
interior region of the tubular member 1310 below the expandable mandrel 1305, The 
fluid passage 1320 is coupled to and positioned within the support member 1345 and the 
expandable mandrel 1305. The fluid passage 1320 preferably extends from a position 
adjacent to the surface to the bottom of the expandable mandrel 1305. The fluid 
passage 1320 is preferably positicmed along a centerline of the apparatus 1300. The fluid 
passage 1320 is preferably selected to transport materials such as cement, drilling mud, 
or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 lltres^minute 
(0 to 3,000 gallons/hiinute) and 0 to 620.52813 bar (0 to 9,000 psi) In order to optimally 
provide sufliclent operating pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to l>e transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular member 1310 below the 
expandable mandrel 1305 can be fluidicly isolated from the region exterior to the 
tubular member 1310. This permits the interior region 1370 of the tubular 
member 1310 below the e3q>andable mandrel 1305 to be pressurized. The fluid 
passage 1330 is preferably positioned substantially along the centeriine of the 
apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as cement, 
drilling mud or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 
Dtres^iinute (0 to 3,000 gaBonsAninute) and 0 to 620.52813 bar (0 to 9,000 psI) in oider to 
optimally fiD the annular region between the tubular memt>er 1310 and the new section 
1230 of the welibore 1200 with fluidic materials. In a preferred embodiment, the fluid 
passage 1330 
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includes an inlet geometiy that can receWe a dart and/or'a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 pemiits fluidic materials to be transported to and from the 
region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeiline of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging 
from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gaUons/mlnute) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally flii the annular region between the tubular 
member 1310 and the new section 1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 
1355 of the hibular member 1310. The seals 1340 are further positioned on an 
outer surface of the upper end portion 1355 of the tubular member 1310. The 
seals 1340 pemnit the overlapping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the tubular member 1310 to be 
fluidicly sealed. The seals 1 340 may comprise any number of conventional 
commercially available seals such as. for example, lead, mbber, Teflon™, or 
epoxy seals modifled in accordance with the teadiings of the present disclosure. 
In a preferred embodiment, the seals 1340 comprise seals molded from 
Stratalock epoxy available from Halliburton Energy Sendees in Dallas, TX in order 
to optimally provide a hydraulic seal in the annulus of the overiapping joint while 
also creating optimal load bearing capability to withstand typical tensfle and 
compressive loads. 

In a preferred embodiment, (tie seals 1340 are selected to optimally 
provide a sufficient frictiorud force to support ttie expanded tubular member 1310 
from Uie existing casing 1215. In a preferred embodiment, the frictional force 
provided by Uie seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 
1 ,000,000 IbO in order to optimally support the e?q>anded tubular member 1310. 

The support member 1345 is coiqiled to tiie expandable mandml 1305, tubular 
member 1310, shoe 1315, and seals 1340. The support member 1345 preferably 
comprises an annular member having sufficient strengtii to cany flie apparatus 1300 Into 
ttie new section 1230 of tiie wellbore 1200. In a preferred 



embodiment, the support member 1 345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1 300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 v^ithin the interior region 
10 1370 of the tubular member 1310, The v^per plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-dovm plugs, Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modified in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
20 v/ithin the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and vahres of the 
apparatus 1 300 and to ensure that no foreign material interferes with the extrusion 
process. 

25 As illustrated in Fig, 1 Ic, a hardenable fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
Interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the Interior region 1370 into the fluid 

30 passage 1330. Thematerial 1380 then exits the apparatus 1300 via the fluid passage 
1335 and fills the annular region 1390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1 230 of the wellbore 1 200. Continued 
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pumping of the material 1380 causes- Ihe material 1380 tofiirup at least a portion 
of the annular region 1390. 

The material 1380 may be pumped Into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 344.73785 bar (0 
to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 1 ,500 gallons/min), 
respectively. In a preferred embodiment, the material 1380 is pumped into the 
annular region 1390 at pressures and flow rates ranging from about 0 to 
344.73875 bar (0 to 5000 psi) and 0 to 5678. 1 1 77 litres/minute (0 to 1 ,500 
gallons/min), respectively, in order to optimally fill the annular region between 
the tubular member 1310 and the new section 1 230 of the wellbore 1 200 with the 
haidenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available from Halliburton 
Energy Services in order to optimally provide support for the tubular member 
1310 during displacement of the material 1380 in the annulau- region 1390. The 
optimum blend of the cement is preferably determined using conventional 
empirical methods. 

The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will 
be filled with material 1 380. 

As illustrated in Fig. I Id, once the annular region 1390 has been 
adequately filled with material 1380, a wiper dart 1395, or other similar device, is 
introduced into the fluid passage 1320. The wiper dart 1395 is preferably pump)ed 
through the fluid passage 1320 by a non hardenable fluidic material 1 381 . The 
wiper dart 1395 then preferably engages the wiper plug 1350, 

As illustrated in Fig. 1 le, in a preferred embodiment, engagement of the 
wiper dart 1395 with the wiper plug 1350 causes the uiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



^ passage 1330, and fluidicly isolating thfe* Inferior region 13*70 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
^ hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305, IXuing the extrusion process, the expandable mandrel 
1306 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional mann er. The wiper dart 1395 may comprise any nimtiber of 
conventional commercially available devices from pluggingafluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
^ Cementer latch down plug 1350. The three wiper latch-down plug is available 
fi:x)m Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pimiped into the 
interior region 1370 at pressures and flow rates ranging, for example, ftxim 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 1 77 lit^minute (0 to 
1500 gaUons/min) in order to optimally extrude the tubular member 1310 ofi^of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g interior ofthe tubular member 1310 is minimized. 

In a prefcircd embodiment, after blocking the fluid passage 1330, the non haidenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356.2355 UtrcsAninute (40 to 3.000 gallons/nrin) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 »^ operating parameters during the extnjfiion process. 



For typical tubular members 1310, \hk extidsiori hi t&e <ubiJar member 1310 ofT of the 
expandable mandrel 1305 will begin when the pressure of the interior region 1370 reaches, for 
example, approximately 34.473 to 620.52813 bar (500 to 9,000 psi). In a preferred eml>odiment. 
the extrusion of the tubular member 1310 off of the exj^andable mandrel 1305 is a function of the 
tubular memt>er diameter, wall thickness of the tubular member, geometry of the mandrel, the 
type of lubricant, the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably determined 
using conventional empirical methods. 

During the extnision process, the e^qpandable mandrel 1305 may be radsed out of 
the expanded portion of the tubular member 1310 at rates ranging, for example, from 
about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1 305 may be raised out of the expanded portion of the 
tubular member 1310 at rates ranging from about 0 to 0.6096m (0 to 2 ft/sec) in order to 
optimally provide an efficient process, optimally permit operator adjustment of operation 
parameters^ and ensure optimal completion of the extrusion process before curing of 
the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded off of 
the expandable mandrel 1305, the outer surface of the upper end portion 1355 of the 
tubular member 1310 will preferably contact the interior surface of the lower end portion 
of the casing 1215 to form an fluid tight overlapping joint The contact pressure of the 
overlapping joint may range, for example, from approximately 3.447379 to 1 ,278.9514 bar 
(SO to 20.000 psi). In a preferred embodiment, the contact pressure of the overlapping 
joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to 
optimally provide contact pressure sufficient to ensure annular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a particularly 
preferred embodiment, the sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overlapping joint. 

In a preferred embodiment, the operating presstire and flow rate of the non 
hardenable fluidic material 1381 is controUably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
manner, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure Is reduced in a substantially linear fashion from 
100% to about 10% during the end of the extrusion process begiiming when the mandrel 
1305 has completed approximately all but about L524 m (5 feet) of the extrusion process 



Alternatively, or in combinatiphi a.shocli alJ^orbecK pn^vided in the 
support member 1345 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the weDbore 1200. In a prefen^d embodiment, either before or 
after the removal of the expandable mandrel 1305, the integrity of the fluidic seal 
of the overiapping joint between the upper portion 1355 of the tubular member 
1310 and the lower portion of the casing 1215 is tested using conventional 
methods. If the fluidic seal of the overlapping joint between the upper portion 
1355 of the tubular member 1310 and the lower portion of the casing 1215 is 
satisfactory, then the uncured portion of the material 1380 within the expanded 
tubular member 1310 is then removed in a conventional manner. The material 
1380 within the annular region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 
within the interior of the expanded tubuleu* member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1315 
using conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
fonmation has been described that includes Installing a tubular liner and a 
mandrel in the borehole. A body of fluidic material is then injected into the 
borehole. The tubular liner Is then radially expanded by extruding the liner off of 
the mandrel. The injecting preferably includes injecting a hardenable fluidic 
sealing material into an annular region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an interior 
region of the tubular liner 



below the mandrel. The method preferably inclucfes Hufdicly isolating the 
annular region from the interior region before injecting Uie second quantity of the 
non h^denable seaUng material into the interior region. The injecting the 
hardenable ttuidic sealing material is preferably provided at operating pressures 
and now rates ranging from about 0 to 34473785 bar (0 lo 5000 psi) and 0 to 
567.1 1 77 litres/minute (0 to 1 .500 gailons/min). The injecting of the non 
hardenable fluidic material is preferably provided at operating pressures and How 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151,4164 
to 1 1356.2355 litres/minute (40 to 3.000 gallons/min). The injecting of the non 
hardenable fluidic material Is preferably provided at reduced operating pressures 
and flow rates during an end portion of the extruding. The non hardenable 
fluidic material Is preferably Injected below the mandrel The mettiod preferably 
includes pressurizing a region of the tubular liner below tiie mandrel. The region • 
of the tubular liner below the mandrel is preferably pressurized to pressures 
ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). The metiiod 
preferably includes fluldlcly isolating an interior region of the tubular liner fi^m 
an exterior region of the tubular liner. The method further preferably includes 
curing the hardenable sealing material, and removing at least a portion of Uie 
cured sealing material located udtiiin tiie tubular liner. The metiiod further 
preferably includes overiapping the tubular liner with an existing welibore casing. 
The method further preferably includes sealing the overiap between the tubular 
liner and the existing welibore casing. The metiiod further preferably includes 
supportir^ the extnided tubular liner using tiie overlap witii tiie existing welibore 
casing. The metiiod further preferably includes testing the integrity of the seal in 
the overiap between the tubular liner and the existing welibore casing. The 
metiiod further preferably Includes removing at least a portion of tiie hardenable 
fluidic sealing material wittiin the tubular liner before curing. The metiiod frirtiier 
preferably includes lubricating ttie surface of ttie mandrel. The metiiod further 
preferably includes absorbing shock. The method further preferably includes 
catching the mandrel upon the completion of the extruding. 



^ An apparatus for creating a casing:'ih a borehole located in" a subterranean 

formation has been described that includes a support member, a mandrel, a 
" tubuJar member, and a shoe. The support member includes a first fluid passage. 

The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second anid third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member fiirther preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material from entering an interior region of the tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected fi^m the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

16 tubular xncxnber preferably has iimcr and outer diameters ranging foim about 7.62 to"3937 cms (3 to 15.5 
inches) and 8.89 to 4^64 cms (3.5 to 16 inches), respectively. The tubular member preferably has a pUstic 
yield point ranging from about 275.9028 to 9307.92195 bar (40,000 to 135.000 psi). TTic tubular 

member preferably includes one or more sealing members at an end portion. The 
tubuJar member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

Ametiiodofjoiningasecondtubularmembertoafirsttubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 secondtubularmemberoflFofthemandrelintoengagementwiththefirsttubu^ 
member. The pressurizing of the portion of the interior region of the second 
_ t^ibular member ispreferablyprovidedatoperatingpressuresrangingfi^ 
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34.473 to 620.52813 bar(SOO to 9.000 psO' ThepiessBfjdzig^ftheiMitiWofthe 
second tubular member is preferably provided at reduced operating presstires 
during a latter portion of the extruding- The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation a^acent to an already existing section of wellbore casing has been 
described that includes an annular member. The iin T i i»^«y member includes one or 
more sealing members at an end portion of the annular member^ and one or more 
pressure relief passages at an end portion of the pnnnlAr member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fluidic sealing material. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
pref(afably formed by the process of placing the tubular liner and mandrel within 
the wellbore^ and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an ^ntinlflr 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fliudicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures tanging fiom about 34.473 to 620.52813 bar (500 to 9.000 psi). The tubular liner preferably 
25 overlaps with an existing wellbore casing. The wellbore (»sing preferably further 
includes a seal positioned in the overlap between the tubular liner and the tma^ng 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 boreholehasbeendescribedthatincludesinstalliiigatubularlinerandamandiel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



^ expanding the liner in the borehole by eztHiding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consistmg 
^ of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562355 
htrcs/tninutc (40 to 3,000 gallons/min}. In a piefeired embodiment, the injecting of tlie body of fhiidic 
material is provided at reduced operating pressures and flow rates during an end portion of tiie extruding. 

10 In a preferred embodiment^ the fluidic material is ii^jected below the mandrel. In 
a preferred embodiment, a region of the tubular liner below the mandrel is . 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressures ranging iSrom about 34.473 to 62052813 bar (500 to 9,000 psi). In a 

preferred embodiment, the method further includes overlapping the tubular Uner 
15 with the t^^nMng wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing weUbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for liTiirrg an existing wellbore ^^f^vg has been described 
that includes a tubular liner .and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
^ pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior portion of the tubular liner Is nuididy Isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
portion of the tubular liner Is pressurized at pressures ranging from about 34.473 to 
620.52813 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of a 
cured fluidic sealing material is formed by the process of injecUng a body of 
hardenable (luidic sealing material Into an annular region between the existing 
wellbore casing and the tubular liner. In a preferred embodiment, the tubular liner 
overiaps wlUi another existing wellbore casing. In a prefen-ed embodiment, the tie- 
back Uner further includes a seal positioned In the overiap between the tubular liner 
and the other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overiap witii the oUier existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member Includes a first fluid passage. The mandrel is coupled to the 
support member. The mandrel Includes a second fluid passage operably coupled 
to Uie first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to the second fluid passage, an interior portion, and an exterior 
portioa The Interior portion of Uie shoe is drillable. Preferably, ttie Interior portion 
of Uie mandrel includes a tubular member and a load bearing member. Preferably, 
Uie load bearing member comprises a drillable body. Preferably, tiie interior 
portion of tfie shoe Includes a tubular member, and a load bearing member. 
Preferably, Uie load bearing member comprises a drillable body. Preferably, the 
' exterior portion of tiie mandrel comprises an expansion cone. Preferably, the 
'expansion cone Is fabricated from materials selected froih the group consisting of 
tool steel, titanium, and ceramic Preferably, the expansion cone has a surface 
hardness ranging from about 58 to 62 Rockwell C Preferably at least a portion of 
the ^paratus is drillable. 

Although Illustrative embodiments of tiie invention have been shown and 
described, a wide range of modification, chaises and substitution Is contemplated 
In the foregoing disclosure: in some instances, some features of the present 
invention may be employed wiUiout a corresponding use of the ottier features. 
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Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



CLAIMS 



1. An apparatus, comprising: 
a wellbore; 

5 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
10 second wellbore casings: 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

extruding at least a portion of the tie-back liner 
off of a mandrel. 

15 

2. The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of : 

placing the tie-back liner and mandrel within the 
20 wellbore; and 

pressurising an interior portion of the tie-back 
liner. 

3. The apparatus of claim 2, wherein during the 
25 pressurising, the interior portion of the tie-back 

liner is fluidicly isolated from an exterior portion of 
the tie-back liner. 

4. The apparatus of claim 2, wherein the interior 
30 portion of the tie-back liner is pressurised at 

pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) - 

5- The apparatus of claim 1, further comprising: 
35 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 



back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
material is formed by the process of: 
5 injecting a body of hardenable fluidic sealing 

material into the annulus between the tie-back liner 
and one of the first and second wellbore casings. 

6. The apparatus of claim 1, further comprising a 
10 seal positioned in the overlap between the tie-back 

liner and the first and second wellbore casings. 

7. An apparatus, conprising: 
a wellbore; 

15 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and • 
20 second wellbore casings; 

. wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

radially expanding at least a portion of the tie- 
back liner within the wellbore. 

25 

8. The apparatus of claim 7, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and an expansion device 
30 within the wellbore; and 

pressurising an interior portion of the tie-back 
liner. 

9. The apparatus of claim 8, wherein during the 
35 pressurising, the interior portion of the tie-back 



liner is f luidicly isolated from an exterior portion of 
the tie-back liner. 

10. The apparatus of claim 8, wherein the interior^- 
portion of the tie-back liner is pressurised at 
pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) . 

11. The apparatus of claim 7, further comprising: 
an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie-, 
back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
material is formed by. the process of: 

injecting a body of hardenable fluidic sealing 
material into the annulus between the tie-back liner- 
and one of the first and second wellbore casings. 

12. The apparatus of claim 1, further comprising a 
seal positioned in the overlap between the tie-back 
liner and the first and second wellbore casings. 

13. Apparatus substantially as hereinbefore described 
with reference to any one of the accompanying drawings. 
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